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A B S T R A C T
The reaction between mercuric chloride and tetraethyl- 
tin, equation (1; R=Et), has been investigated using as 
solvent methanol, tert-butanol/methanol mixtures, and tert- 
butanol itself.
k2R^Sn + HgCl2  S— » R^SnCl + RHgCl (l)
On the basis of (i) positive kinetic salt effects,
(ii) an increase in the rate coefficient with increasing 
polarity of the solvent medium, and (iii) the variation of 
the activation parameters with solvent composition, it is 
concluded that reaction (1; R = Et) follows the S^2(open) 
mechanism of electrophilic substitution at saturated carbon 
in all the solvents investigated.
Using solvent tert-butanol, a steric sequence of 
reactivity,
R = Me jt Et y  n-Pr y  n-Bu- / iso-Bu / iso-Pr,
* ' / / /
was observed for reaction (1). It is suggested that this 
sequence of reactivity is characteristic of reactions 
proceeding by mechanism S^2(open).
The reaction between mercuric iodide and tetraethyltin 
involves a slow bimolecular reaction followed by a fast 
equilibrium,
k2EttSn + Hgl2 --=-> Et-Snl + EtHgl (2)
Et^Snl + HgX2 EtjSn(+) + H g l ^ -* (3)
Reaction (2) is accelerated on addition of tetra-n-butyl- 
amraonium perchlorate, in both methanol and tert-butanol, and is
also accelerated as the solvent polarity increases. It is 
concluded that reaction (2) proceeds by mechanism S^2(open) 
in the solvents methanol and tert-butanol, and consequently 
also in tert-butanol/methanol mixtures.
The situation with regard to the reaction of* mercuric 
acetate with tetraethyltin,
k2Et^Sn + Hg(OAc)2  — * Et^nOAc + EtHgOAc, (k)
is less clear. Although reaction (4) is accelerated as 
the polarity of* the solvent medium is increased, from 
tert-butanol to methanol, no definate choice between 
mechanism 3^2(open) and mechanism S-2(cyclic) can be madeilr u
in the absence of* any salt effect data.
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I N T R O D U C T I O N
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SECTION 1 - POSSIBLE MECHANISMS FOR ELECTROPHILIC SUBSTITUTION
AT A SATURATED CARBON ATOM
(a) Scope of this section
Considering any metal atom such as M -bonded to any 
carbon atom such as C, one expects some degree of polorisatiom 
in the bond, in the sense
&(-) &(+)
C — --- M
The so-formed negative charge on the saturated carbon 
atom makes it susceptible to attack by any electron dificient 
reagent, i.e. an electrophile„ One thus expects organometallic 
compounds to provide suitable substrates in the study of the 
mechanisms of such electrophilic attack at a saturated carbon 
atom.
Electrophilic substitution reactions involving 
electrophilic cleavage of alkyl-metal bonds have been shown 
to occur for organo compounds of mercury^ tin, lead, sine,
. , . . [1 .2 ,3,4,5]boron, ana alumxnxum. ’ 1
This section is in the form of a general review of the 
possible mechanisms for the electrophilic substitution at a 
saturated carbon atom. The following nomenclature will be 
used:-
R-MXn is a substrate containing an CX--carbon (R group) 
to metal (M) bond, X is another group, the same as or 
different from R, and n is the number of X groups on M. For 
example, considering the substrate tetraethyltin,
R = Et, M = Sn, X = Et, n = 3
- 12 ~
E—IT represents an attacking reagent where S is the electrophilic
and IT the nuc 1 eophilie part of the molecule,, For examiole
considering the attacking reagent mercuric chloride,
E = -HgCl, N = -Cl
Different types of possible mechanisms could be reviewed
as follows:-
(b ) The unimolecular mechanism, S^l
The rate-determining step is the formation of a 
carbanion by the ionization of the carbon-metal bond:-
R -  MXn -g-1-— + MXn .............. 1.1
fast
+ e -  N ••.fas-T-,-> R —  E +    1.2
The carbanion R^  ^ could also attack the solvent molecules and 
if the solvent is an alcohol, the following reaction is also 
possible,
j + R*OH ------------» RH + R f0
For an S^l reaction proceeding in an alcoholic solvent, 
one should thus expect to detect some hydrocarbon as part of 
the product„ The mechanism is expected to follow first order 
kinetics, first order in R-MXn and zero order in E-N, at least 
when the concentration of R-MXn is small so that the rate of the 
backward reaction in 1.1 is negligible in comparison with that 
of the reaction (1.2) producing the product* Extensive, or 
complete, racemization would be expected to accompany the
- 13 -
substitution in the case of an asymmetric Ot-carbon atom being
present in the substrate molecule, The formation of* the
carbanion would be favoured in polar solvents and in the pjc&sence
of added inert salts which would be expected to help stabilise
the anion. Both of these two effects will therefore promote
S„1 mechanism.E
(c) Bimolecular mechanisms 5^2
This involves the direct attack of the electrophile on 
the substrate to produce a transition state which decomposes 
to form the products,
[Transition State] Products.R-MX + E-N --1--n
It requires second-order kinetics, first order in 
each reactant, in dilute solution with the reactants in 
approximately equal concentrations* Bimolecular mechanisms 
can be sub-divided depending on the nature of the transition 
stated
kr\
N -
S„2(open) 6- { 5+ A
— — --- :--!-— E— C— VTZ 1 —E + R - MS vr-rrT '— :— >[N— E--C--MS J-n With Inversion v\ n
£> +
Sg2(open) 1
With Re tent 
S„2 (cyclic)
t— »r ^ c''\ion 'S*N)£
n
6 -
xs --- N
]■
AI n>N
■*[ X  ]
(-) (+)
- E +!N + MXn
Simple kinetics can not distinguish any of these 
three from the others as they will all follow second order kinetic;
Ik -
(i) The S,-,2(open) with inversion has not been found in 
simple systems, the only known cases involve cyclic substrates, 
We, therefore, ignore this and will use the term S^2 (open) to
ilr
mean 3^2(open) with retention and S 2 to cover S_2(open) withii,  Sit Hr
retention and ST7>2 (cyclic) ,
on the .same side of the carbon atom as the leaving group leaves* 
The substitution will thus be accompanied by retention of
(ii) In SF2(open) with retention, the transition state 
is formed as the result of the electrophilic attack being made
configuration when an asymmetric oc-carbon atom is present in
the substrate molecule# Unlike the corres£>onding nucleophilic
substitution S^2 , this is possible for an electrophilic 
substitution^ presumably because no repulsive force between
the bonding electrons inhibits the establishment of the
transition state in this case
For S *t2 mechanism N „
v+y -4
prefered situation for 
the transition state
Repulsion between bonding 
electrons make conditions 
unf a vpur ab 1 e,
For S*2( open) with retention
No reason why this type 
of transition state could not 
be favoured.
It lias been shewn that energetically the optimum angle 
between the entering and leaving group is close to 77° • [3J
The rate of such a reaction, in which uncharged 
reactants react via a polar transition state, should increase 
on increasing polarity of the solvent and on the addition of an 
inert salt as both these effects are expected to stabilise the 
transition state in which charge-separation has occurred. But 
the former could not be considered as a reliable evidence in 
the identification of the mechanism, as changing the solvent 
might change the mechanism altogether.
Steric effects should generally retard the reaction 
for a series of simple alkyl groups, and polar (+X inductive) 
effects would aid the attack of the electrophile E, but retard 
the cleavage of the carbon-metal bond*
(iii) In Sg2(cyclic), the transition state is formed by 
co-ordination between N and M synchronous with electrophilic 
attack of E on the carbon atoms. Retention of configuration 
at (R) would be expected and since there is no separation of 
charges in the transition state formed by the uncharged reactants, 
neither an increase in the solvent polarity nor the addition of 
an inert salt would be expected to promote the mechanism.
(iv) An intermediate mechanism between S_,2 (open) andJd/
S_2 (cyclic) could be envisaged in the transition state of whichH/
partial co-ordination between N and the metal atom is established
66 + 
/MX*
0 -r. 66 .
(v) A bimoXecular mechanism, S„2 (co-ordinate) is also£/
possible. Where the first, usually reversible, step is the 
coordination of N onto M to form a complex. This complex 
then decomposes to the products,and it is in this step that the 
actual electrophilic substitution takes place
(-)
R —  MX R MXn i i n
R - +'E-N I ---:--* | +
E -- N v_r/ E ft
(d) Catalysed mechanisms
All the above mechanisms can be subject to catalysis 
by Lewis basis. The Lewis base ^a reagent which may or may 
not be the same as E-N or X, presented here as (B)) can bond 
to the metal atom, thereby activating the C~M bond.
(i) S..1 with catalysis can be represented as follows:
11/
MX MX slow , v (+)
i / *   ^R \ j + MX B
B
R
B R
(-) _ fast (_) . + E - N  * RE + N v '
(ii) In an S^2 mechanism with catalysis it is possible 
to consider two possibilities where the Lewis base may 
coordinate to the electrophile or the metal atom in the 
substrate molecule.
Considering the first possibility,
E - H + B t » E(B)N
E(B)N + RMX + -s-r > RE + NMX + Bn SE ;^ n
Considering the second possibility,
R - MX + B   R - MX Bn n
S 2
R - MX B + EH — -— * RE + NMX + B n n
Solvent molecules, particularly when they are polar, 
are generally quite strong Lewis bases and could act as 
catalysts in electrophilic substitutions. It would be very 
difficult, however, to recognise catalysis by solvent.
SECTION 2 - METAL FOR METAL SUBSTITUTION
(a) Scope of this section
The previous section reviewed possible mechanisms of 
substitution at saturated carbon to metal bends. This sect5.cn 
will review the experimental evidence for the postulated 
mechanism. The review has been restricted to meial-for-metal 
substitution reactions since this project involved the study 
of such a system. The section Has been devided into different 
parts, each part dealing' with a particular type cf such metalic 
substitution reaction.
Particular reference will be made to studies which have 
involved a series of (R) groups (especially, simple alky3. 
groups) and special attention will be paid to medium effects. 
Arguments presented for the use of the effect of different
attacking reagents upon the reaction rate, as an evidence
for the reaction mechanism, have, also, been considered.
(b) Reactions involving mercury-for.-mercury substitutions 4
following Sr,l mechanism ■   - — "E—■  ---- — ■
Up-to-date only few examples of reactions proceeding 
by an Sr?l mechanism have been reported. One reaction whose 
mechanism has been shown to be Sgl is the mercury for mercury 
substitution in (X-carbethoxybenzylmercurie bromide by 
radiomercurie bromide in anhydrous dimethylsulphoxide at 
temperatures between 25° and 60°C. Parallel investigations
were carried out by Xngold et al. in England and by Reutov
r 7 1et al, in Russia. Both agreed that the above reaction
had an S^l mechanism, being first order in the organomercuric 
salt and aero order in the mercuric salt.
Ingold et al. proposed the following mechanism:
Fh Ph
\  « l r w  ( + >
CK.HgBr — » \CK + HgBr
J  1EtOgC EtO C
Ph
x fast N'S\   ^ ^.CM + HgBr0 XCH.KgBr + Br
/ /EtOgC EtO?C
x denotes radioactive labelling, i.e. Hg^'^
L 7 1.Reutov et al. J showed that introducing electron 
attracting substituents in the (Ph) group, for example a 
p-nitro group, increased the rate of the mercury exchange, 
and that the electron repelling, p-t-butyl substituent decrease 
the rate of the reaction.
Using (X-carbethoxybemzyl mercuric chloride, Ingold 
[ 6 ]et al. found that the unimolecular rate constant was about
half that of the corresponding bromide, which was in line 
with what was expected using the more electronegative chloride.
They also investigated the stereochemical course of 
the reaction using (~) -OC-carbethoxybenzylmercuric bromide 
they found that the substitution with mercuric bromide was 
accompanied by racemiaation of the ester and that the first
-  20 -
~4 -1order rate-cons taut of racemization (3.4 x 10 41 sec. ) was
approximately equal to that of the mercury for mercury exchange 
—4 —1(3*75 x 10 sec. ). They concluded that this S^l mechanism
was associated with racemisation as is expected from S^l
mechanism in general; involving a carbanion intermediate.
- [ 6 ]ingold et al. , also, isolated a particular form 
of S-^ l mechanism characterized by a catalysis of the ratei,
controlling step by bromide ions from tetra-ethylamwoninm 
bromide. They found that the addition of .0085 K of
tetra-ethylammonium bromide increased the rate from
, -4 ~ i - , -.4 -I
3 * - x 10 sec. " to 4.4 x 10 sec. whereas * using lithium
nitrate as an added salt, about .03 M of the salt had to be used
to obtain roughly the same increase in the rate. This more
noticeable salt effect in the case of tetra-ethylammonium
bromide was interpreted to be due to the catalytic effect of
the bi'omide ions upon the rate determining step. The
mechanism was found to involve two bromide ions and was
(~)labelled S_1 - 2Br . They postulated the addition of thea!/
bromide ions in successive equilibria to give a doubly charged 
substrate which could ionize more readily than the uncharged 
organomercurie bromide, as shown below:-
[R = Bt02C„CHPh]
RKgBr + Br*“* p -— » RHgBr^"*
->TT „ (~) . „ ( “) fast t   2 ( -)rtHgBrp + Br j7- r RKgBr^
o/ ' slow . ( ) ( \
RHgBr^' K~} <—  • R v } + HgBr^
+ HgBr2  £Ss,.t RHgBr +
r 8 iReutov et al. have studied the reaction between
p~nitrobensyl~mercuric bromide and radiomercuric bromide in 
solvent dimethylsulx^hoxide and reported the existence of 
first-order kinetics, first-order in organomercurie halide 
and zero-order in the mercuric halide. The S-,1 mechanism ofili
the reaction can be shown as follows:-
q1nw ( -) ( + )
W 0 2 \  //*"CH2 ~  HgBr m 2 %  / > ^ CH2 + KsBr
+ H.rrBr * NO
x (-)
Ks:Br + Br
The carbanion formed was stabilised by delocalisation 
of the negative charge. When the carbanion1s stability was 
reduced by employing substituents which were less electron 
absorbing than the nitro group such as methyl, chlorin or 
isopropyl, the reaction occurred by a bimolecular mechanism:-
(c) Reactions involving mercury-for-mercury substitution, 
following S^2 mechanism
The first kinetic and stereochemical investigations
of bimolecular electrophilic substitution, S_,2 , mechanisms were
with organomercury compounds. Perhaps the best documented work
T 9 10 11 iglis that by Hughes and Xngold et al. ’ ’ ^ “ They have
studied reactions in which an organomercury substrate undergoes 
substitution by an electrophilic mercuric compound and have 
concluded that there are only three possible types of reactions 
through which these "mercury-for-mercury" exchanges can occur, 
namely, the one-alkyl (1), the two-alkyl (2), and the three- 
alkyl mercury exchanges (3 )
X^Hg + R-HgX r> XHgR + HgX2 (1)
X2h|^+" R-HgR XHg~R + KgRX (2)
XRH^T'^R'-HgR RKg-R + HgRX (3)
(i) The one-alkyl mercury exchange was considered 
fQ 1
by Ingold et al, * J in the reaction: -
RHgX + HgX^ RHgX + HgXg
Where R = Me; X = Br, I, OAc and NO^, in ethanol R = S-Bu;
X = OAc in ethanol.
Carrying out a radiometric study of the kinetics 
of the mercury exchange, they showed the reaction to be
second order; first order in each reactant. By using optically
- 23 -
active s-butyl mercuric acetate they demonstrated that the 
reaction proceeded with complete retention of configuration 
at (R) , a supporting evidence for S_^ 2(open) with retention 
[Section 1(c)],
On increasing the ionicity of the salts along the 
anion series X = Halogen, OAc, NG^, where R = Me, there was a 
large increase in the rate of the reaction:
X = Br I OAc N03
Rel. rate 1 7.9 1000 2.4x10^
This observation, according to Ingold et al. is a supporting 
evidence for the existence of an open transition state in the 
course of the reaction. Since one could reason, on the basis 
of the above observations, that the reaction receives no 
important assistance from combination between the anion of the 
substituting agent and the mercury atom being expelled.
As solvent polarity was increased by water addition, 
it was found that the reaction rate was increased. Also added 
lithium nitrate, where X = Br and R = Me, produced a mild 
accelerating effect on the rate. These observations both 
supported the idea of an open polar transition state existing 
in the reaction path.
[t o *]
Jensen and Rikhorn have criticised Hughes and
Ingold1 s conclusion and have pointed out that the uncatalysed 
one-alkyl exchange reaction investigated by Ingold et al. cannot 
simply be regarded as proceeding through an open transition 
state such as that involved in the S^2 (open) mechanism. Their
- 2k
arguments could be presented as follows:-
Although a detailed picture of the reaction path was 
not shown by Hughes and Ingold, the following mechanism may be 
inferred:-
/  \ | /
^  C —  Hg X
Hg - X
— Hg
Hg
Cj
I
r ir
H
^g(-) 
/ X
(+)
HgX $H'g + HgX2
This mechanism, taken as it is, would violate the 
principle of microscopic reversibility which requires that the 
reverse reaction be exactly the same as the forward reaction. 
For a symmetrical reaction, i.e. one in which the starting 
materials and the products are identical, the reaction pathway 
must be symmetrical. The energy profile for the mechanism 
proposed by Hughes and Ingold is not symmetrical as shown 
below: -
RHg:X + HgX„. RHgX + EgXp
An overall symmetrical energy profile could be achieved by 
proposing two forward and two reverse pathways in each case
Br
as follows:
V Nfc *
-— C-HgBr+HgBiv^ - c f
(I)
*(+>
H.uBr
\ x
^  2 
i(-)
(II)
/ s
\*/
Hg
X
J g B r 2
Br V /
\
Br
v *
vHgBr
£(+)
“ ■“7
(III)Jj
'CSs3i-+HgBi'-0 
(XV)
- 25 -
possible shapes of* the energy profile are shown below (according 
to J. and R.)
/ \
/X1 ^  v  II
/
IV
II
If (II) and (III) are supposed to be transition states, 
they must be species present at the highest energy point along 
the reaction co-ordinate, but J. and R„ have shown them as 
occurring at minimum values of energy. A more reasonable 
profile would be: \ /
Int ermediat e
r  121Hughes and Volger studied the pattern of
steric effects among the alkyl groups in the one-alkyl mercury
exchange, using R = Me, Et, neo-pentyl, sec-Bu; X = Br, GAc
o oin ethanol at 60 to 100 C and proposed that the relative 
rates where X = Br, could be explained in terms of the steric 
effect of R:~
R = Me Et neo-Pe sec-Bu
Rel. Rate = 100 k,2 33 6
- 26
On adding lithium bromide to the reaction,
X iK+'hnrjnl
MeHgBr + HgBr2 MeHgBr + HgBr2
Ingold et al. observed that the increase in the rate 
■was more pronounced than in the cases of* the other salts added 
to the reaction system. They associated this "unusual11 rate
Fin
increase with two forms of catalysis which, they labelled
one-anion and two-anion catalysis:-
When the concentration of* the added lithium bromide 
is less than the mercuric bromide, the bromide ion is taken 
up to form the species HgBr^ This species is a very
reactive electrophile and leads to a transition state of the 
Sg2 {cyclic) type:
SgBr2 + Br*""* HgBr
x (-)MeHgBr + HgBr_ Me?
( - )
Br
i
, H g x
<-)
> Br
M-ie"
(*>
3*
^ MeHgBr + HgBr,
+ Br (-)
Formation of this "closed11 transition state is preferred, 
energetically, to the establishment of any "open" transition 
state, as in the former case the completed bromide ion lowers 
the free energy of the transition state by bridging the mercury 
atoms. This step was called one-anion catalysis.
When the concentration of added lithium bromide exceeded
- 27 -
that of the mercuric bromide following reactions are also 
possible:
K ( -) (-) HgBr^V + Br1 '
&
HgB: k
2<-) (5)
MeHgBr + Br (-) MoIigBr2^^ (6)
It was suggested that, in this case, it is the 
equilibrium (6 ) in conjunction with the equilibrium (4) which 
leads to another S^2 (cyclic) transition state, now incorporating 
two bromide ions:
(_) * ()
MeHgBr0 } + HgBr„v 1£ j
Br Br 
\ /
"ll R
B r/ \
\
2 (-)
*
MeHgBr+HgBr 2
(-)+2Br J
This step was called two-anion catalysis.
Overall second-order kinetics were observed for these 
reactions, first-order in organomercuric salt, and first-order 
in mercuric sali:, for R = Me and s-Bu and X = I, Br, Cl and OAc.
Using optically active sec-butylmercurie salts it was 
found that the reaction was followed by retention of configuration, 
Catalysis with other anions was found to be in the order of
I Br Cl OAc
i.e. in the order of increased coordinating power of the anions 
to mercuric salts and to alkylmercuric salts.
28 -
Ingold et al. postulated that these catalysis mechanisms 
were forms of the internal mechanics of substitution S^2 (cyclic)
ilr
with retention.
Cl 5 ]
Reutov et a h  have studied a number of electrophilio
substitutions, using organo-mercury compounds for which they
have postulated cyclic transition states. They investigated the
reaction between p-suhstituted benzylmercurie bromides and
oradiomercurybromide in dimethylsuiphoxide at 70 C.
Y < ^ ~ ^ - C H 2-HgBr+H?Br2  ^ ^>CH2~HSBr+HsBz'2
(Y - iso-Pr, Me, F and Cl)
The reactions were all kinetically second-order, first- 
order in each reactant. The reactivity sequence with the 
different p-substituents was in the order of,
iso-Pr ~ M e ^ > H ^ > F  - Cl
i.e. the reaction was promoted by electron-donating substituents 
and retarded by electron-absorbing ones, in accordance with an 
3^2 mechanism. The reaction was catalysed by bromide ions from 
potassium bromide in the same manner as the Ingold*s catalytic 
reactions. The reactivity sequence for the catalysed reaction 
was,
Cl N  F II - Me^> iso-Pr.
r i  siReutov J suggested that electron-donating para- 
substituents retarded the formation of RHgBrp^  ^ whereas electron* 
absorbing groups promoted it.. The reactivity sequence for the
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catalysed reaction was, thus, the reverse of* that Tor the 
uncatalysed one,
(ii) The two-alkyl mercury exchange,
R°KgR + HgXg R°HgX + RHgX
fio ] °
was studied by Ingold et al. where R = optically active
sec-Bu; X = Br, OAc, NO^.
The exchange between mercuric bromide and optically 
active di-s-butylmercury to produce optically active 
sec-biitylmer curie bromide, proceeded in ethanol with complete 
retention of configuration. The reaction, both in ethanol 
and acetone, was shown to follow overall second-order kinetics, 
first-order in each reactant.
On addition of lithium bromide to form LiHgBr^, there 
was a great reduction in the rate. This was interpreted by 
Ingold et al. to support the idea of an 5^2(open) transitioni/
state, existing in the reaction path, rather than that of an 
3^ ,2 (eye lie); as the cationic nature of the reagent mercury 
is reduced the rate decreases and the loosely held bromide 
ion in LiHgBxm does not help to improve the rate by introducing
j
a new mechanism, namely S^2(cyclic), the formation of the 
transition state of which should be faciliated by the loosely 
held bromide ion being more able to combine tiwh the mercury 
expelled from the substrate.
When the bromine in mercuric bromide was replaced by 
more nelectronegative’1 groups such as acetate and nitrate, the
30
absolute rates increased strongly, tlie reactivity sequence being,
to provide supporting evidence tor the mechanism 3^2(open)•
As the cationic nature of the reagent mercury increases in the 
above sequence, from left to right, it becomes stronger 
electrophile and reacts faster; As the anions become more and more 
,felectronegative” (left to right in the above sequence) their 
electron donating tendencies decrease and chances of any 5^2(cyclic)id/
transition state being formed becomes less and less likely*
that -whereas cyclic transition states involving mercuric salts 
as electrophiles must be four-centred of the type,
Hg(OAc)
This observation, again, was interpreted by Ingold et al
using the relative reactivities of mercuric salts as a basis
for the deduction of reaction mechanism. They point out
R
Hg
Br /
the electrophiles mercuric acetate and mercuric nitrate could
give rise to six-centred transition states of the type,
This six-centred transition state might be energetically 
more favoured than the four-centred ones. Hence the observation 
that, for example, mercuric acetate reacts with a given substrate 
in a given solvent faster than does mercuric bromide could be 
associated with this latter transition state being formed.
In addition to the above argument a further difficulty 
arises in that it is not possible to assign an unambiguous 
order of electrophilic power to the mercuric salts. Considering 
the equilibrium, -1
(-> K HrI„ + Br' ’ „--- ? HgI„Br'-v a
K = 76
[16]and considering the equilibrium,
(-) IC ,
Z' HgBr jKgBr0 + Br ;■■*— > 
K = 190
This indicates that towards the bromide ion, mercuric 
bromide is a slightly stronger Lewis acid than is mercuric 
iodide (in solvent 0,5 M aqueous sodium perchlorate at 2f?°C). 
Whereas considering the equilibrium,
[16]
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and the equilibrium,
HgBr,
(■)
^ HgBr0I
[16]
Xv = 71
leads to the conclusion that towards the iodide ion, mercuric
iodide is a much stronger Lewis acid than is mercuric bromide
(again in solvent 0.5 M aqueous sodium perchlorate at 25°C)„
Furthermore, the relative catalytic powers of the
mercuric halides in the racemization of a-methylbensylchloride
(first-order in organic halide and first order in mercuric
ri7 ]
halide) have been shown by Satchell to be markedly solvent
dependent
HgCl,
Hal.
Hgl,
HgCl, <
HgBr,
HgBr
(Solvent acetone) 
(Solvent nitrobenzene)
It, thus, seems evident that use of relative reactivities 
of mercuric salts in order to distinguish between mechanism S^2(open)Mj
and 3^ ,2 (eye lie) is not a generally valid procedure.
The two-alkyl exchange reaction has also been studied 
by Dessy and his co-workers,  ^ wnere X = I and R = Me,
21 XEt, Pr , Pr , cyclo-Pr and Ph, mostly in dioxan but some xn
no ]
benzene as well as in dioxan. Dessy and Lee suggested
that the dialkyImercurys were attacked by mercuric iodide in 
dioxan to give a four-centred transition state of the S~2(cyclic)
Hr
type,
IU.
1
I
1
-Hg-
Hg-
i
1
Jc
\ /
or a transition state derived from an ion-pair attack of the
/  N
- R
type
R-
i
Hg.
I
i
!iS( + ) X (->
\ <4
(iii) The three-alkyl mercury exchange,
R-Hg-R + R-Hg-X j -tttt* R-HgX + R-Hg-R
rill
has heen studied by Ingold et al. The technique of double-
labelling was used to show that the exchange was an independent 
reaction. The halide used was sec-butyl-mercuric bromide which 
was optically labelled on the butyl group and radioactively 
labelled on the mercury, such that the overall reaction was:-
s-BuHgBr + s-Bu-Hg-s-Bu
o x
^ s-BuHg-s~Bu + s-Bu-HgBr
In ethanol at 35 C the reaction was found to foil0x7 overall 
second order kinetics, first order in each reactant, and the 
stereochemical configuration of the sec-butyl group was fully 
retained..
Several lithium salts were added to the reaction system 
and in each case a positive kinetic salt effect was observed, 
the order of accelerating effects being
LiCIO L i B r ^  LiNO^ LiOAc
The rate of reaction increased with increasing ionicity 
of the alkylmercuric salt, the reactivity sequence being 
in the order of,
sec-BuHgNO sec-BuHgOAc ? sec-BuKgBr
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All of the above, according to Ingold et al. was 
evidence for mechanism S^2 (open) involving the transition state,
i
6 ( + )
HgR
\ 6 (-) 
H r/T
R/
\
R
In order that the reaction path for the forward and the 
backward reaction should be similar (see ref. 13 ), Abraham 
has proposed that it is necessary to postulate a rather more 
complicated mechanism than just the formation of the above 
transition state. A possible mechanism that still retains
the S 2(open) transition state, together with the corresponding
E
energy profile is shown below:-
HgR
Hg
HgRX
Hg + R H g X T?
[ 20,2 1]Reutov Iso, studiedand his co-workers have
the three-alkyl exchange reaction,; where R = 1,5~dimethylhexyl,
X = Br. They found that the reaction proceeded with complete 
retention of configuration. The second-order rate constant 
of the reaction (in ethanol, at 35°C) was calculated by 
Abraham (using a graphicalextrapolation) to be 5*0 ^ 10 ,
for the three-alkyl exchange reaction, where R = Bu and X = Br
- 35 -
(in ethanol at 35°C)» In go Id et round a second order
rate constant value of 4*7 x 10 * The two rate coefficients 
agree remarkably well, considering that both of the alkyl 
groups are secondary ones and hence that polar and steric 
effects should be of the same order of magnitude (as observed)*
(iv) Considering the above experimental observations 
in (i), (ii), and (iii), and the conclusions which the observers
have reached, it seems appropriate to make the following 
comments
None of the reactions, clearly, follow S-l mechanism; 
second order kinetics and retention of configuration at the 
site of the reaction in the substrate molecule, indicate, quite 
conclusively the absence of any such path for any of the 
reactions.
For the S^2 mechanism what could be said with certainty 
is that the S^2(open) with inversion is clearly out, but the 
q^ .^estion of differentiating between S„2(open) with retention, 
and Sg2 (cyclic), in the author1 s oioinion, needs, in most 
cases, more clarification than that offered by the investigators
Various observations have shown that the use of 
relative reactivities of mercuric salts in order to distinguish 
between mechanism Sn2(open) and S_2(cyclic) is not a generally£2/ ilt
valid procedure* Furthermore, the Hughes-IngoId theory that 
positive kinetic salt effects, for uncharged reactants reacting 
via a polar transition state, are due to the stabilisation of 
the transition state by the ionic atmosphere of the added salt,
[2 2 1has been disproved in some cases. Clark and Taft J showed
that is 1 electrolytes accelerated the hydrolysis of* t~butyl chlorid
but that this rate increase was mainly due to destabilisation
of* the reactant rather than stabilisation of* the transition state.
Abraham and Spalding reached the same conclusion for reactions
of* mercuric iodide with tetraalkyltins [see Section 2(d), p.37].
In any case, no salt effect has been done for the two-alkyl 
exchange reactions, and the only evidence for the presence of 
S^Conen) mechanism has been provided by the relative reactivities 
of various mercuric salts. For this particular case, therefore, 
the idea of an S_,2(open) mechanism, being present for the 
reactions, might seem to be Just a guess.
In the case of the one-alliyl exchange reactions, only 
mild accelerating effects have been found on the addition of 
inert salts. On the Hughes-Ingoid theory, such observations 
could indicate mechanism Sg2(open), or a mechanism intermediate 
between S^2(open) and SE2(cyclic).
On the whole it seems that the problem of distinguishing 
between mechanism S^2(open) and S^2(cyclic) is'more complex 
than the investigators seem to have imagined. However, the 
accelerating effects of added lithium nitrate and of added 
water on the one-alkyl exchange reaction in ethanol do suggest 
that this particular reaction proceeds by the S„2(opem) mechanism. 
Similarly, the accelerating effects of added salts on the 
three-alkyl exchange reaction in solvent ethanol again points 
to mechanism Sg2(open). There appears to be no experimental 
evidence on which to base any conclusion as to the mechanism of
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the two-alkyl exchange (other than that the mechanism is 
some sort of S^2).
(d) Reactions involving mercury-for-tin substitutinns
(i) One of the most relevant works on this topic is that 
[23,24,25]
of Spalding who studied the electrophilic substitution of 
various tetraalkyltins by mercuric iodide in solvent 96% methanol, 
water. He found that the reaction proceeded by a combination
of an irreversible reaction and a reversible reaction:-
R«SnR0 + Hgl0 ------> R»HgX + R.Snl
j £ 3
( + ) (~)
R^Snl + Hgl^ R^Sn + HgX^
After determination of the equilibrium constant for 
the reversible step in the reaction, for R = R 1 - Me, Et, 
n-Pr, n-Bu, iso-Pr and iso-Bu, he was able to determine the 
second-order rate constant (kg) of the irreversible reaction. 
The rate constant was determined for the above series of 
alkyl groups, and for the case, R = nBu, R* = Me, at 25°C and 
40°C. The results are shown in Table 1.1. The following 
sequence of reactivities was observed:
Me^^> Et^^> n-?r^) n-Bu iso-Bu iso-Pr
This pronounced steric sequence was taken as preliminary 
evidence of an S^2 mechanism and a transition state of the type,
6(+)
SnRrt
R
n6(-)
Hgl„
was postulated, \
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Table 1.1.
— 1 —ISecond-order rate constants (kg, l.Mole Min. ) for 
the reaction Hgl^+R^Sn — RHgl+R^SnX in 9 methanol
R, Sn; R = 'Me Et nPr n-Bu . Iso-Bu iso-Pr Bu,,SnMe
£ J>
k0; 25°C = 42.6 0.285 0.0432 0.0455 3.02xlO"3 - 12.8
Relative
rate = 100 0.6? 0.10 0.11 0.00? - 30
kg; 40°C = 94.1 0.767 0.123 0.131 0.0101 1.2x10 3 33-'
Relative ~
rate = 100 0.8l 0.13 0.14 0.011 1.32=10 p 36
Further evidence for the above transition state 
was obtained by investigating the effect of adding inert salt 
to the reaction system. Added lithium perchlorate promoted 
the rate and the salt effect was discussed in terms of the 
equation,
R4Sn Hgl
* = V  n - 4 ---- 1.1.
TT
Where k and ko are the rate coefficients in the presence and
Ain the absence of the salt respectively and y the molar
activity coefficient of the component A. In the absence of
A Aadded salt, y = y = 1
k /Values of /ko are given in Table 1.2, for the 
reactions R = R* = Et, n-Pr and n-Bu. It was found that the 
these substitutions were accelerated by added salt and on the
P q  /" "1
basis of Hughes and Ingold theory that indicated the
presence of a transition state, in which charge separation has
-  39 -
occurred, ±n the reaction path.
Activity coefficients of the reactants (y) were calculated 
using the equation,
So
Y =
Where SQ = the solubility of the substance in pure solvent
S = the solubility of the substance in the presence of
the salt.
I
y , the activity coefficient of the transition state, wos 
calculated from 1.1.
Values of all the activity coefficients are given in 
Table 1.2.
It was also observed that for all the solutes under 
investigation Setchmow's equation,
logy = aCLiClO^]
was followed. Values of the nsalting o\it parameter”, oc, were!
Tetraethyl tin, 0.402 ; Tetra-n-propyltin, 0.4-70
Tetra~n~buiyXtin, 0.498; Mercuric iodide, 0.396®
It, thus, became clear that the rate acceleration (see Table X,2)
caused by added lithium perchlorate was due to the effect of the
salt on the reactants; the Et^Sm-Hglg transition state, for
example, being unaffected at low salt concentrations and becoming
actually distabilised at higher salt concentrations. The results,
1*261therefore, contradicted the Hughes-Ingoid postulate J that 
positive kinetic salt effects are due to the stabilisation of 
the transition state by the ionic atmosphere of the added salt.
The argument presented to decide upon the nature of the transition
- 40 -
[LiClO^](M) 
R = Et 
0
0 .0 1 6 . 
0.059 
0.081 
0.107 
O.lol 
0.262 
0.392 
0.503 
0.670
' R = n-Pr 
0
O.O96
0.127
0.1Q0
0.252
0.274
R = n-Bu 
0
0.04-9
0.102
0.128
0.168
Table 1.2.
Kinetic salt effects and activity 
coefficients in eauation 1 .1 .
k V n HsI2
"/ko y Y
1 1  1
1.02 1.015 1.015
1.11 1.06 1.06
1.13 1.08 1.08
1.18 1.10 1.10
1.31 1-16 1.16
1.47 1.27 1.27
1.59 1.43 1.44
1.80 1.58 1.59
2.04 1.84 1.86
1 1  1
1.21 1.11 1.09
I.29 1.15 1.12
1.41 I.23 1.19
1.61 1.31 1.26
1.71 1.35 1.28
1 1  1
1.10 1.06 1.05
1.23 1.12 1.10
1.34 1.16 1.12
1.53 1.21 1.17
1
1.01
1.01
1.03
1.03
1.03 
1.10 
1.29 
1.40 
1.68
1
1.00
1.00
1.04
1.02
1.01
1
1.01
1.00
0.97
0.93
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state among the throe possibilities of,
5(+) 6 (+)
SnR0 SnR0 A-----  solvent SnB_
/ 3 s 3 / v 5
4  / .    / i  - K
J  I(*> < 3R<^  I 1(a) R/ J 1(b) R\y/ \ /  1
S6(-) \6(-) Hgl
IIgI2 Hglg
(XI)
was as fo11ows:
The order of destabilization (or salting out), by 
lithium perchlorate, of the four solutes under study is:
Hglg ~ Et^Sn ^ P r ^ S n  ^  Bu. nSn, i.e. that of the
order of the size of the solute. Charge separation in the
transition state(II) is approximately the same as that in
mercuric iodide, and based on size considerations, it is
expected to be strongly destabilized by lithium perchlorate.
The destabilization is expected to follow Setchenow1 s equation
(II)with values of a ranging from:-
~0.5 (II; R = Et); -0.55 (II;; R = n-Pr)
0.6 (II; R = n-Bu)
The Bronsted-Bjerrum equation (1.1) may be restated in the 
logarithmic form,
log(^Vko) = f3[LiC10z,] 1.2
R/,S Hglp
p-tt-i . o a . a n[.Where P = ------ ------- J
a
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This indicates that if the transition state (XX) exists 
in the reaction path, all three substitutions should be subject 
to very small positive kinetic salt effects of the form of 
equation (1.2), with a value of about 0.3 for p. The substitution 
of tetra-n-propyltin does follow equation (1.2), but with a 
value of (3 no less than 0.83-
The estimated values of 0CX^ may be used to calculate 
expected values of y on the basis of transition state (IX).
If this is done one will observe that, for all three substitutions, 
the values of y calculated in this way differ, appreciably, 
from the y^ values obtained by experiment, which are quoted 
in Table 1.2.
On the basis of the above points it ,is concluded, 
therefore, that the transition states (IX, R = Et, n~Pr, n-Bu) 
do not seem to be reasonable models.
Abraham and Spalding then compared their observed 
2 1
values of y with the y values in the S^l hydrolysis of t--butyl
r pzichloride investigated by Clarke and Taft “ where a polar
transition state had been envisaged and the same behaviour in
the activity coefficients experienced. They then concluded
that the transition states (I, R = Et, n-Pr, n-Bu) were
satisfactory models, and that the eloctrophilic substitution of
tetraalkyltins by mercuric iodide in $6% methanol proceeded
by 3^2(open) mechanism.&
rAbraham and Spalding* calculated the activation 
parameters for the reaction of various tetraalkyltins with 
mercuric iodide in $6% methanol. Their results are shown in 
Table 1.3*
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Table 1.3«
Activation parameters for reaction Hgl^+R^S n
in 96% methanol
R = Me St n-Pr i-Pr n-Bu i-Bu MeSnBu^
AG^ 17,700 20,600 21,750 28,000 21,700 23,300 18,4oo
AH^ 9, 200 11,650 12,350 19,000 12,500 14,350 il,4oo
,-TAS^ 8,500 8,950 9,400 9,000 9, 200 .8,950. 7,000
AS^ -28.4 -30.1 -31.5 -30 -30.9 -30.1 -23.4
Spalding points out that the observation of a high 
negative entropy of* activation cannot be used to differentiate 
between a transition state of the type S„2(cyclic) and thati/
of the type Sg2(open). Spalding then disregards the
possibility of any S^2(cyclic) transition state for the reactions,
considering what he calls a minor piece of evidence in favour
(-)of the open mechanism; the fact that the species Hgl^ is 
inoperative as an electrophile towards tetraethyltin in 
solvent 96% methanol.
If the reaction proceeded through an SF2(cyclic) 
transition state, he goes on to say, the ion Hgl0  ^  ^ would be 
expected to be reactive as an electrophile owing to the 
increased possibilities of infernal co-ordination. He then 
compares his observed entropy pattern with that obtained 
for Menochutkin type of reactions which are bimolecular reactions 
between species R fI and known to proceed via an open
transition state which is more polar than the initial state.
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Ke points out the fact that these reactions give rise to 
activation entropies of the order of -30 to -40 e.u*, and on 
this basis he proposes that the activation entropies shown in 
Table 1*3 are not in contravention of the proposed mechanism 
S^2(open)*
Spalding was able to make some observations as to the 
relative importance of the steric effect of the moving grou£>
(R*) and the steric effect of the leaving group (R^Sn) from 
his study of the kinetics of the reaction of mercuric iodide 
with n-Bu^SnMe* A comparison of the rates of cleavage of the 
methyl group from Me^Sn and n-Bu^SnMe and the n~Bu group from 
n-Bujr,Sn are shown in Table 1.4*
Table 1 .4*
The statistically corrected rate constants for the substitution 
of tetraalkyltins by mercuric iodide in 96% methanol
Compound Bond Cleaved Leaving Group Relative rates 
l.mole ^ min ^ 25°C
Me/fSn Me-Sn Me^Sn 10*9
n-Bu^SnMe Me-Sn n-Bu^Sn 12*8
n-Bu^Sn n-Bu-Sn n-Bu^Sn 0*0114
It is clear from Table 1*4 that the predominant 
steric effect must be due to the moving group, not the leaving 
group. The rate constants for the cleavage of the Me~Sn bonds,
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in the two cases, are not significantly different although the 
leaving groups vary greatly in size. Where the leaving 
groups remain the same (n-Bu^Sn) but the bonds cleaved change 
from Me-Sn to n-Bu-Sn, then there is a very large reduction in 
rate due to the large increase in steric interaction of the 
moving group with the incoming reagent*
— IjL S — 
f27 ] .
(ii) Johnston has studied electrophllic substitution
of some tetraalkyltins by mercuric chloride in methanol and 
methanol/water mixtures. Contrary to the system investigated 
by Spalding, the reaction here, consisted of one single step in 
96% methanol:-
R^Sn + HgCl2 ------ > RligCl + R^SnCl
Kinetic studies revealed that the reaction was second order,
first order in each reactant and the rate constant determination
at two different temperatures, 25° and 40°C made it possible
for the activation parameters to be worked out (at 298°I£) for
the reaction between tetraethyltin and mercuric chloride in
96% methanol (see Table 1„5«)*
Added sodium chloride accelerated the reaction but
not more than expected for a normal salt effect; meaning
( +)that the species HgCl cannot be operative as an electrophile
and that the reaction involved, only, the mercuric chloride
(+) .molecule as the electrophile. If HgCl were the effective
electrophile in the reaction, Johnston points out, then in the
presence of a large excess of chloride ion, the second-order
rate constant would be expected to decrease markedly, due
( +)to the decrease in concentration of HgCl
Both lithium perchlorate and t e t r a - 11butyl ammonium 
perchlorate accelerated the reaction between tetraethyltin and 
mercuric chloride in 96% methanol and these effects were taken 
as to indicate mechanism 8^2(open) for the reaction.
Johnston estimated a value for the "salting out" 
parameter, a, for mercuric chloride, in the presence of lithium
47
perchlorate, on the basis of size consideration and then used
HgClg
this value to calculate y J, the molar activity coefficient 
of HgCl0 in the presence of lithium perchlorate, from thedi
equation,
logy = a[LiC10^]
Et, Sn Y2>5~\ /
y was knotm from Spalding and thus y , thec
molar activity coefficient of the tetraethyltin/mercurie 
chloride transition state, was calculated from the equation
EV n HgCl .
/ko - y * Y /y2c
Tgcl
In the same manner as Spalding,1* Jit was, then, shown
r 2^ dthat, contrary to the Hughes-Ingold theory, ° the positive 
kinetic salt effect was due to destabilisation of the reactants 
by the added salt. Also, given values of y^ (the molar 
activity coefficient of the tetraethyItin/mercuric iodide
rptrl
transition state) by Spalding, J Johnston was able to make
/ / / /a comparison between y and Yt * ^°und that y ' and Yt variedC j- C JL
in quite a similar way with variation in [LiClQ^]. He, also,
observed that the ratios y^/ and Yt/ ^*^2 „ .'c y 1 J. Y van.ee m  a
similar manner to each other. There was, thus, a close
correspondence between the behaviour of the tetraethyItin/
mercuric iodide transition state and that of the tetraethyltin/
mercuric chloride transition state and since the former had
been claimed to be of the S_2(open) tyoe, Johnston concluded
that the same sort of transition state must exist in the
reaction of mercuric chloride with tetraethyltin in 9 methanol:
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&(+)
,SnEt3
/
/\
Ei' I
N
HgCl0
£~>
Johnston extended his investigation on the above- 
mentioned reaction to the solvent range X(I'leOH) = 1 to 0.51.
He Tound good second order plots tor all the kinetic runs 
studied, at 25° and 40°C, in all the water/methanol solvent 
mixtures. Activation parameters tor the reaction, in each 
solvent mixture, were then calculated (see Table 1.5.)•
Table 1.5.
Second-order rate coefficients at 25° and 40° in 1 , mole ‘Sain 
and activation parameters for the substitution of tetraethyltin 
by mercuric chloride in methanol-wate rtures
%MeOH X(MeOH) k 25 2
. 40 
2 AG^ AH^ AS^
100 0.999 0.200 0.669 20,832 14,350 -21.8
98 0.956 0.273 0.886 20,648 13,950 -22.4
96 0.914 0.378 1.149 20,4-55 13,150 -24.5
94 0.874 0.503 1.475 20,286 12,700 -25.4
90 0.800 0.833 2.373 19,987 12,350 -25.6
85 0.716 1.465 4.213 19,653 12,450 -24.1
80 0.640 2.370 6.720 19,368 12,300 -23.7
70 0.510 5.59 15.78 18,859 12,250 -22.2
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r pat
The Kirkwood equation has been stated by Johnston
in the form,
2 ‘2 -2
Ar/ _ n , o lO v ^5/ s-1 W **S ^ A
298 “ 3.32 x 10 \2e+l .3 ,„3 3
rS rM V
7 _ 2
Where AG is expressed in cal. mole , dipole moments (p,) in
Debyes and radii in X ; B is a constant*
= The dipole moment of tetraethyltin = o
= The dipole moment of mercuric chloride; taken as 1.31 
Debyes as found for mercuric chloride in solvent dioxan* 
Considering bond lengths and bond angles in mercuric 
chloride solvated by methanol and one or two other factors a 
value of 4,3 S was estimated for r^, the radius of mercuric
chloride* Considering bond lengths and bond angles in
tetraethyltin a value of 4.7 2 was obtained for r^, the radius
tetraethyltin. The radius of the transition state was
3 3 Q
calculated from the equation, + r^ = r^ .
Using the above known quantities and the slope of 
the straight line obtained on plotting AG^c q against (e-l)/(2'&4T) , 
a value of 12.5 Debyes was found for , the dipole moment 
of the transition state. Johnston considered that part of this
dipole moment was due to the moment of Hg~Cl bonds in the
3£transition state, and the remainder (~ 11 Debyes) corresponded
to a charge separation of 0.7 units of charge at a distance of
KA value of 2.4 2 was assumed for the C-Sn distance in the 
transition state (a little more than the ordinary ionic C-Sn 
bond) and then assuming the value of 2.3 2 for the C-Hg bond 
(again a little more than the ordinary ionic C-Hg bond) and 
using a value of about 77 for the SnCIIg angle in the transition 
state (as suggested by Gielen and Nasielski) Johnston calculated 
the value of 3.1 2 for the tin-to-mercury distance in the 
transition state.
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3*1 2 [this being his estimate of the tin-to-mercury distance 
in the Sg2(open) transition state]. Such a charge separation 
is not, Johnston points out, far short of that suggested for 
the open transition state of the hydrolysis of t-butyl chloride.
r p ? "i
Clark and Taft, based on their study of salt effects on
this hydrolysis, obtained, for the transition state, 0.8 units 
of charge separated at a distance of 2.3 A calculation,
based on the Kirkwood equation, for the hydrolysis of t-butyl 
chloride in methanol/water mixtures over the range X(MeOH) = 1
r p q "|
to 0.51 using the kinetic data of Winstein and Fainberg, 
indicated a charge separation of 0.82 units at a distance of
2.3 2 .
The above calculations, although rather crude, 
indicate, Johnston proclaims, that a very considerable separation 
of charge occurs in formation of the transition state in his 
reaction, and could be concluded that the reaction proceeds 
through the S^,2(open) transition state and not through an Sg2(cycl 
of the type,
SnEt.
HgCl
Johnston has, also, briefly, studied the substitution 
of tetraethyltin by mercuric acetate and mercuric iodide in 
the three solvents with ^(MeOH) = 1, 0.91 and 0.72 and has 
found the following order of reactivity for all the three solvents
Hg(0Ac)2\  HgCl2^ > Hglg^ Hgl3( } = o
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Johnston has argued that although, on the basis of
n 3 I
Jensen and Rickborn ’ s postulate* J it may not be -possible 
to deduce mechanistic details from such a reactivity sequence, 
it is reasonable to say that since the relative rates for the 
three mercuric salts are of the same order in the three solvents 
the same mechanism is in force for the three solvents. Thus 
since the mechanism 5~2(open) has already been indicated in&J
methanol and $6% methanol {jC(MeOH) = 0.91], it could be 
deduced that such a mechanism is operative in J^(MeOH) = 0.72 
and indeed in the entire range of ’X(MeOH) = 1 to 0.51.
Johnston has considered in his work (two f£ain 
possibilities for the interpretations of the variations in
i £
AHp and AS:~
One is that the S_2(open) transition state isil
selectively solvated by water molecules. Thus on addition 
of water to methanol-, increased solvation of the transition 
state relative to the reactants would lead to marked reduction 
in the values of
[AH°(Transition state) - AH°(Reactants)] and [A3°(Transition 
state) ,AS°(Reactants) ]
At around ^ (MeOH) = 0.85, the transition state might 
be nors-or-less completely solvated by water molecules and 
from this point on both AH°(Transition state) and AS°(Transition 
state) would be expected to increase, keeping pace with increases 
in AH°(Reactants) and AS°(Reactants) respectively.
f
«<n«
The other possibility is that the function AH and
A AAS reflect changes in the structure of the water “methanol
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solvent; it has been suggested that the region X(MeOH) = 1 to
0.8 is a structurally critical one. (A much more critical
region is in fact at X(MeOH) ~ 0.2 at which the "holes” in the
methanol have been filled up by water molecule and the system
is more ordered than methanol itself.) The very negative 
i
values of AS for the reaction may, at least in part, be due 
to the S^2(open) transition state (with a high charge separation) 
freezing-out” solvent molecules and hence reducing the entropy 
of the system. The more ordered is the solvent system* in 
the first place, the less additional order can be imposed on 
it. If the region at X(MeOH) = 0.85 is one of minimum 
order, the transition state could impose the maximum order on 
the solvent at X(MeOH) = 0.85 and so lead to the observed 
minimum in AS^ at this point.
In the hope that it might be possible to decide
between the two theories suggested above Johnston has considered,
2 1 1 
more closely, the solvent effect on AH , AG and AS :-
The enthalpy of activation of a reaction may be
considered to be the difference in the standard enthalpies of
formation of the transition state, (Tr), and the reactants.
Thus for a reaction in solvent 1 :
AH_^ = AH° (Tr) - AH° (Reactants)1 fl x l .
And for the same reaction in solvent 2
AH2* = AH°2(Tr) - AH°2(Reactants)
The above two equations on subtraction and rearrangement
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yield the equation,
AH^g(Tr) -- AH^(Tr) = (Reactants) ~ AH?^ (Reactants) + AHg^~ AH^
But standard enthalpy of transfer, iron one solvent to another, 
for any species, X, is defined as,
AH°(X) = A H ^ X J - A H ^ X )
Thus the above, former, equation could be written as,
AH*? (Tr) = AKf (Reactant s) + AH ^ - AH_ ^V % £ x
Considering the reaction under investigation, the above equation 
could be written as,
AH°(Tr) = AHpEt^Sn) + AH°(HgCl2) + AHg - Ah /
AH° may, also, be defined in terms of the heat of solution at 
infinite dilution of the given solute in solvents 1 and 2;
AH°(X) = AH° 2(X) - AH° X(X)
Where Arlg is the partial molar heat of solution.
Methanol has been defined as solvent 1, and any other 
methanol/water mixture as solvent 2.
Thus a determination of the heats of solution of 
tetraethyltin and mercuric chloride in methanol and methanol/
water mixtures would yield, through the last equation, values of
o oAH.(Et.Sn) and AH,(HgCl ) which when combined with the known<u % dk
activation enthalpies for the reaction will enable, through the 
equation before last, values of AH°(Tr) to be calculated.
The heats of solution of tetraethyltin and mercuric 
chloride in various methanol/water mixtures were determined by
~  3 k -
Abraham^^ and values of AH^(Tr) calculated (see Table 1 .6 ).
— 7
Within the experimental error (_+ 200 cal. mole ’"), 
the value of AH^(Tr) is essentially sero from ^ (MeOH) = 1 to 
« 0.9; as the solvent becomes more aqueous, AH°(Tr) rapidly 
increases in value, reaching 3500 cal. mole ^ at X, (MeOH) = 0.51.
Table 1.6.
Enthalpies of transfer from methanol to aqueous methanol, in 
-1 ocal. mole at 298 K of mercuric chloride, tetraethyltin, and 
the mercuric chloride/tetraethyltin transition state
(MeOH) AE^ AH*[-AH* AH°(HgCi2) AK°(Et4Sn) AK°(Tr!
0.999 14350 0 0 0 :P
0.956 13950 400 410 190 200
0.91^ 13150 1200 850 350 0
0.874 12700 1650 1170 630 150
0 • Co O O 12350 2000 1770 1010 780
0.716 12450 1900 2430 1410 1940
0 ,64o 12300 2050 2810 1770 2530
0.510 12250 2100 3440 2200 3540
The sharu! fall in
J
AH from
— i
14350 cal. mole at X (MeOH) = 1
to about 13000 cal . mole ■* at X(MeGH) =0.9 is thus entir■ely
due to a corresponding increase of 1350 cal. mole in the
enthalpy of the reactants. Over the range X(MeQH) = 0.9 to
/ — X
0.51, AH decreases by only 800 cal. mole ; this decrease
is the difference between two large quantities; because over
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this range AH°(Reactants) = 4200 cal. mole ^ and AH^(Tr) =■fc c
-134-00 cal. mole .
The experiments, thus, demonstrated that, in the 
solvent system employed, solvent effects on the enthalpy 
of the reactants are very large.
The free energy of transfer of the reactants from 
methanol to methanol/water mixtures could be expressed as,
AG°(Reactants) = AG°(St.Sn) + AG°(Hg01o)
" t  " t  f i i  II t  c fj
The values of the free energies of transfer of mercuric chloride
were calculated according to the equation,
1
AG°(HsCl„) = 2.3026RTlogin( M/ 2)x a,.M
XWhere a^ is the activity of mercuric chloride as a saturated 
solution in solvent X.
The free energies of transfer of tetraethyltin were 
determined from the determination of the Henry1s Law constants 
of tetraethyltin in various methanol/water mixtures.
The free energy of transfer of the transition state 
could be defined as,
AG°(T) = AG° (Reactants) + -5AG^
Thus, calculating 6AG^ and AG^(Reactants), AG°(T) could
be worked out. The definition of 6AG^ is of course,
6AG^ = AGg^ ~ AG^^
[31]
Results are shown in Table 1.7.
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Table 1.7.
The free energies of transfer, in cal, mole , for mercuric 
chloride,1 tetraethyltin and mercuric chloride/•tetraethyltin 
transition state from methanol to methanol/wat.er mixtures
(MeOH)
0.999
AG^(HgCl2)
0
AG°(Et4Sn)
0
AGf(Reactants) 6AG^
is
0 0
AG / rn\(T)
0
0.956 34 130 164 -185 -20
0.914 73 270 343 -378 -34
0.874 110 450 560 -534 14
0.800 187 725 912 -o46 67
0.716 294 970 1264 -1180 85
0.640 412 1220 . 1632 -1465 168
0.510 619 1800 2419 -1974 446
The results show that both the reactants and the
transit! on state make significant contributions to the
activation free energy.
In order to obtain more information on the mechanism of* 
the reaction,
Rz,Sn + HgCl2 --- — >RHgCl + R^SnCl
Johnston has determined rate coefficients and activation 
parameters for the substitution of a number of tetraalkyltins 
by mercuric chloride using three methanol/water mixtures, 
with X (MeOH) = 1,0.91 and 0.72. In all cases the kinetics 
of the reaction was second order; first order in each reactant.
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Values of the mean rate coefficients obtained are given in 
Table 1.8. The data show that the reaction follows the 
steric seauence -predicted for mechanism S_2(open) by Abraham and~ ir
H i l l ^ ^ ,  namely
R = Me \  Et/> Pr11 ~ Bun^> Pr^ is r  /  ir 'r  a n  ?
in all three solvent mixtures used. Also the general similarity
of the three sequences of relative rate coefficients suggested 
that the same mechanism was operative in all the methanol/water 
mixtures. Considering the geometry of the two transition 
states, S^2(open) and S^-,2 ( cyclic ) ^
6 + R
/  n r
■q R. K. 
/ '
R' / R' I \ \C1
\ ^
\
\6-
Hg
/ \
< ) T\\l \/\ /
\ /
Cl
One expects the steric effect to be different for the two of 
them, Johnston argues, and the fact that the three sequences 
of relative rate coefficients are similar rules out the idea of 
mechanism Sn2(cyclic) existing in a less polar solvent methanol,i/
and then this mechanism changing to that of S^2(open) in 
methanol/water mixtures as the polarity of the solvent 
increases.
Johnston, also, observed that in the more aqueous 
solvent mixtures the reactivity sequence became slightly less
-  58 -
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pronounced. The reason for this, he says, is probably
minor interactions involving solvent molecules; with the less
bulky water molecules replacing methanol molecules as the
solvent became more aqueous.
On comparison of the above reactivity sequence in the
solvent with X (MeOH) = 0.91, -with the corresponding reactivity
r2/n
sequence involving mercuric iodide, obtained by Spalding,
Johnston observes that the steric effects in the former case
are more pronounced than for the mercuric iodide substitutions.
The reason for this, Johnston explains, is probably that
steric interactions between the alkyl groups and the mercuric
iodide in the transition state are set up when the electrophile
is relatively far away from the reaction centre, but the smaller
mercuric chloride molecule can penetrate further towards the
reaction centre and thus interact to a greater extent with the
alkyl groups in the transition state.
Values of the activation parameters obtained by
Johnston, using the rate coefficients shown in Table 1.8 ,
are given in Table 1.9# "the substitution of all the
. A
tetraalkyltins, AG decreases with increasing water content
2
of the solvent. Plots of AG against (e-l)/(2e+l), for all 
the tetraalkyltins, yielded good straight lines as required
pool
by the Kirkwood equation. Prom the slope of the lines
A
obtained, together with estimated values of r , Johnston has
A
calculated values of |i shown below:
R^Sn = Me^Sn Et^Sn Pr^Sn Bu^Sn Bu^Sn
r^(2) = 5.36 5.68 6.04 6.34 6.34
H'^(Deby) = 10.1 12.5 13.1 13.4 13.2
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The values correspond, Johnston says, to a charge separation
of* about 0.7 units acting over a distance of 3*1 & [the tih-to-
mercury distance in the S^ ,2 (open) transition state] and are,
clearly, compatible with the 3^2(open) transition state anda*
not with the S^2 (cyclic) transition state.
. A
Reference to Table 1.9* also, indicates that AG and
A
AH , in each solvent mixture, increase in value along the 
series,
Thus interactions involving alkyl group, R, Johnston points 
out, must be quite similar in each of the three solvent 
mixtures, indicating that the same mechanism, S^2 (open), 
which has been demonstrated to exist in solvent $6% methanol, 
for the reaction, must exist in the range of the solvent 
mixtures under consideration.
(e) Mercury-for-boron substitution
[331
Matteson and Kramer have studied the reaction of
benzyl br onic esters with mercuric chloride in the solvent
8% water, h% glycerol and 88% ethanol,
(~)
ArCH2B(0H)2 + HgCl2 > ArCHgHgCl + B(0H)3
The solution was buffered with sodium acetate and acetic acid 
and sodium chloride was, also, included to prevent ionization 
of the mercuric chloride. The reactions were carried out 
under nitrogen and the butyl ester of the bronic acid was 
actually employed. The.'I: rate law has been concluded to be
of the type,
|| = lt[ArCH2B(0R)2][HgCl2][0H"]
The butylester is expected to change, rapidly, into 
a glycerol ester as soon as it is introduced into the 
reaction medium* The glycerol ester is then transformed 
into a hydroxide complex by the buffer, o - ^ \
/ 0~ ~ \  HOAc !<-)ArCH0Bv / CHo0H + OAc + Ho0 ArCH_.B~— 0
OH
The mercuric chloride then attacks the hydroxide complex
to form the products in a bimolecular S„2 reaction:
0 -^ . E P
/> V-CH^OH2 (-) /ArCH2B ^ _ QX  + HgClg  ^ ArCHgHgCl + Cl' 7 + HO -  B
1
OH
Little direct evidence was obtained as to the exact nature 
of the (S^2 ) transition state*
(f) Mercury-for-chromium substitution
rsAiCoombs and Johnson have studied the reactions
of a series of penta-aquopyridiomethylehromium ions, such as,
2+
'2 :  2 " ' 5  Ay H 2-Cr(H20)5 ^,N  2+ i ISis' ^  W C H 2-Cr(H20 )
R A
(R = H, Me) (R = H, Me) (R = H, Me)
With a series of mercuric salts
-  b j  -
_ C H 2-Cr(H20)|+ + HgX2 — — ^ HN^ \xHg-HgX + X* K  CrdigOig
They found that the reaction proceeded as,
HLO
«~CHL ELO  .«rX„ •
W /
They found that the reaction was second order, first 
order in each reactant and calculated the activation parameters, 
for X = Cl, to be,
AH^ = 12.6 K.cal/mole and AS^ = -13 e.u.
On adding chloride ion to the reaction medium, when 
X = Cl, the species HgCl^""^ and Hgdl^2^"^ were produced and 
the investigators found that the reaction rate increased in the 
order,
HgCl3(_) HSC12 ' HgCl42(_)
The corresponding reactivity sequence for the case 
X = Br was found to be,
HgBr2 \  HgBr3(_)^ >  HgBr42(_)
The reactivity sequence with different mercuric salt 
was found to be in the order,
Hg (OAc) 2 ~ Hg(N03 )2 HgClg \  HgBr2
sy
In discussing the above results the investigators rule 
out any possibility of a unimolecular mechanism for the reaction 
on the groundso£ the reaction following second order kinetics 
and consider the two possibilities of, what they call, S„2 orJji
Sgi mechanisms.
They represent the two mechanisms as follows:-
V
n c (2+6 )+
R-CHgCr(HgO)j + HgX“~  >  [X° =----% m=— CH2 C r d y ) ) ^
I kx - An-l
■» X- + RCH2-Hgx“'^ + Cr(H20)3+
■2“'5
2+Cr(H20)3+ + X- --- }XCr(H20)
Cr(Ho0)3+ + Ho0 ----^Cr(H20)^+
S„iOt
RCH2-Cr(H20)j + HgX™'
m- / \ 2+
X-Hg/ \Cr(HpO)_
% / “ I?>/
{
R ___
•> HCH2HgX” "1 + XCr(H20)52+
The distinguishing feature of the S^i mechanism,
Coomhes and Johnson point out, is that the group X acts as a 
bridge between the two metal centres in the rate-determining 
step, and for the reaction of the chloride, bromide or the 
acetate, this would mean that the primary chromium product 
would be the chloro-, bromo-, or acetato-penta-aquochromium(XIX) 
ion respectively. As these species, the investigators argue, 
cannot be detected under conditions in which they would have 
been stable if formed, the S^i mechanism is not involved in 
these cases and presumably not even in the reaction with
mercuric nitrate. These experiments thus constitute a very 
powerful- argument for the S_2(open) mechanism in the studied 
reactions.
( g) Mercury-for-ssinc substitution
f* 35]
Abraham and Rolf e have studied electrophilic
substitution of dialkylzincs by phenylmercurie chloride. They 
showed the reaction, in solvents ether and (THF) , to be of the 
type,
EtgZn + PhHgCl  PhHgEt + EtZnCl
Kinetic investigations were difficult as the reaction was quite 
fast. Iflith the initial concentrations of each reactant at
0.02 mole 1 \  the half-life was about one minute at 0°C, using 
solvent THF and it was even shorter, to the investigator1s 
surprise, in ether. It was, however, shown that the reaction 
was second order overall. Examining the effect of the alkylzinc
group, the reactivity sequence was found to be in the order of,
X \ \
isoPr^Zn PrgZny  Et^Zn^ Me^Zn
The sequence, the investigators point out, is clearly 
a *polarf sequence and, based on the hypothesis of Abraham
r 32*1and Hill, L the substitution reaction would be expected to 
involve mechanism 3^ ,2(coordinate) or a particular type of it 
which could be called S^Ci. This latter possibility has been 
thought to present a more acceptable mechanism for the reaction 
and has been presented as follows:
j R - Zn - R
R2Zn + PhHgCl - \ \   * Ph-HgR+CLZnR
| Ph - lig - Cl: 1
(h) Mercury-for-goId substitution
rIngold and his co-workers have studied the substitution
of mercury for gold in alkylgold complexes. Three gold(I) 
compounds, [RAuPPh^, R = Me, Et and n-BuC(CN)(CO^Et)] and one 
gold(III) compound, Me^AuPPh^, were chosen for the kinetic 
investigation. The substituting agents were mercuric salts 
HgX^, and methylmercurie salts MeHgX, with X = Cl, Br, I, OAc, 
or NO^ in both series. The solvents used were dioxan, dioxan- 
acetic acid, aqueous dioxan, acetone, dimethylformaraide, dimethyl 
sulphoxide and dimethylsulphoxide-dioxan mixtures.
The stoichio metry of the substitution in gold(I) 
complexes has been represented by the equation,
R - AuPPh3 + HgXg ---- > RHgX + XAuPPh^
for the case ivhen the initial gold complex is not in excess.
If the latter is in excess, the investigators say, then the 
following also occurs:
R - AuPPh3 + RHgX --- > RHgR + XAuPPh3
For the gold(III) complex, the stoichiometric equation 
has been represented as,
Me3AuPPh3 + HgX2 --- » MeHgX + Me2AuPPh3X
(i) Reactions of MeAuPPh3 with mercuric salts in various 
solvents were, all, shown to be second order, first order in 
each reactant. Using different substituting agents, it was 
shown that the rate increases in the order,
HSHal2 /  Hg(0Ac)2
and this has been taken as an evidence for Sg2(open) mechanism.
The effect of added lithium bromide, when the substituting
agent used was mercuric bromide, was to produce a reduction in
the rate. This, again, has been taken as an evidence to
indicate presence of mechanism S^2(open) and absence of the
S„2(cyclic). As the electrophilic strength of mercury is 
E (-)
reduced in HgBr^, it has been reasoned, so the rate of the 
Sg2(open) mechanism is reduced. If the reaction proceeded 
through a cyclic transition state such as that of the S^2(cyclic), 
then, the investigators argue, the rate would be expected to 
increase owing to the increased possibilities of internal 
co-ordination.
(ii) employing EtAuPPh^, the corresponding reactions 
were, again, shown to be second order with rate constant values, 
all, larger than the corresponding rate constants in (i).
Again, the rate increased in the order, HgCHal)^ 
and on the whole, the investigators say, the very close 
parallelism of rates of substitution in the methyl- and ethyl- 
gold complexes, makes clear that the same mechanism is at work. 
The increase produced in the rate in going from ’methyl to 
ethyl’, it is pointed out, shows that at least in the solvents 
employed, the common mechanism S^2(open) is facilitated by 
electron release towards that carbon atom which is the seat 
of substitution.
(iii) Reactions of BuC(CN)(CO^Et)AuPPh^ with mercuric 
iodide, bromide, chloride, and acetate were studied in dioxan,,
/  Hg(0Ac)2 ;
The reactions were all of second-order form and the reactivity
This, again, was interpreted as to indicate the presence of, 
S^2(open), and the absence of, Sg2(cyclic) mechanism. The 
corresponding rates were all smaller than those in the cases 
of the methyl and the ethyl complexes and this, again, was 
explained in terms of polar effects of the alkyl group as in
(ii) .
Reactions of BuC(CN) (CO^Et) AuPPh^ with methyl mercuric 
chloride, MeHgCl, in dioxan at 25°C was found to proceed at 
a very moderate rate, pursuing the usual second-order kinetic 
course. But the same reaction at the same temperature in 
solvent dimethylsulphoxide was practically instantaneous.
This surprising result in the latter solvent was thought to be 
due to a change in mechanism; and to check this theory the 
reaction was carried out in series of dioxan/dimethyl sulphoxide 
mixtures. In mixtures down to dimethyl sulphoxide/dioxan 
(1:2 /v) the reaction rate was too high to measure, but in
dimethyl sulphoxide/dioxan (1:9 V/v) the rate, still very high, 
became measurable. It was found that the kinetic course 
of the reaction was not second order; it was of first order 
in the gold complex and zeroth order in MeHgCl. To be sure 
that the reaction rate was independent of the mercuric reagent 
used, series of reactions were carried out in the above, later, 
solvent employing EtHgCl, MeHgBr and MeHgOAc. It was found 
that the first order rate constant remained constant throughout 
with the mean value of O.OO83 sec. ^ This common rate has 
been interpreted as the rate of heterolysis of the carbon-gold
:equence followed the order, HgHal^ <^Hg(OAc) ^  <C^Hg(NO
bond to form a carbanion, and it has been concluded that the 
reaction of the gold complex with inorganic mercuric salts in 
solvent dimethyl sulphoxide/dioxan proceeds by the S^X mechanism.
(iv) Reactions of MeAuPPh^ with methyl mercuric salts 
were studied in dioxan-water (4:1 Vv) and in dimethyl sulphoxide,, 
They were all found to be of second-order kinetic form and the 
rate increased in the order,
MeHgHal <^MeHgOAc
which points to the operation of mechanism S-,2(open).
Effect of added salt has been considered in the case 
of methyl mercuric bromide and it has been found that in both 
solvents lithium perchlorate and bromide, and sodium acetate 
all promote the rate.
(v) Reactions of EtAuPPh^ with methyl mercuric salts 
have been examined in dimethyl sulphoxide. All the runs were 
found to be second order and once again the reactivity 
sequence of
MeHgEal^ MeHgOAc MeHgNO^
was observed which pointed to the operation of the S„2(open) 
mechanism for the substitution.
(vi) Reactions of Me^AuPPh^ with mercuric salts were 
studied in a number of solvents. Second-order kinetics were 
shown to exist in all cases. A great similarity was found 
between the rates of attack of the mercuric salts on the methyl 
gold(I) complex and the corresponding reactions with the
MeHgNOj
methyl gold(XXI) complex mentioned above. This -was interpreted 
as to indicate that the same mechanism is operative in both 
cases, i.e. that the reactions of the gold(III) complex proceeded 
by mechanism Sg2(open). The conclusion was supported firstly 
by the fact that the reaction rate increased in the order
HgBr2 </ Hg(OAc)2
and secondly by the fact that added lithium bromide quenched 
the reaction between mercuric bromide and the gold(III) complex 
which is expected for Sg2(open) mechanism and not for the 
Sg2 (cyclic).
(vii) It is seen that in their studies, the investigators
have relied, mostly, on the relative reactivities of mercuric
salts to establish the reaction mechanism. This as it was
discussed on page $0 has been severely criticised by Jensen 
[131and Ricliborn and seems to be, at least, inadequate, if not
unacceptable altogether, as the same reactivity sequence of the
[13*1
mercuric salts may be produced by a cyclic mechanism.
The effect of added inert salt has been considered only 
with MeAuPPh^. On the reactions of MeAuPPh^ with HgBr^ in the
^ \7"
three solvents, dioxan-water (9:1 /v), dioxan-water (*t:l /v)
and acetone, added lithium perchlorate did not produce any 
effect on the rate, although only very small concentrations of 
the salt were used; but in any case, it is not possible to draw 
any conclusion about reaction mechanism for these three cases 
on the basis of the salt effect experiments. The reactions of 
MeAuPPh^ with MeHgBr in the two solvents, dioxan-water V/v) ,
and dimethyl sulphoxide, in presence of added inert salt have also
been studied (see Table 1 .10). Again only small concentrations
in
of salts have been used, and only the single case shown in
Table 1.10 (a) is it possible to say that mechanism S^2(open) is
more probable than the S„2(cyclic) mechanism.a*
Table 1.10
Effects of added inert salts on the rate of the reaction of 
me thy liner curie bromide with MeAuPPh^
[Added salt] ^ ^
A , , , -j , •* -1 , - 1  krtsec mole ^lAdded salt xlO mole 1 2
(a) Solvent dioxan-water (^il'Vv)
None 0.0 0.41
LiClO^ 1209 0.43
LiClO^ 21.5 0.47
NaOAc 13.3 0.44
NaOAc 19.6 0.46
(b) Solvent dimethyl sulphoxide
None 0.0 1*16
LiCXO, 11.8 1.20
■j
Solvent effects have been observed in the case of MeAuPPh^ 
reacting with mercuric bromide in dioxan-water mixtures and 
results were as follows:
—1 —1 —1 Dioxan kg = 144 sec. mole 1
Dioxan-water (9' lV/v) kg = 430 sec/^mole"1 l~i
Dioxan-water (4:lV/v) kg = 730 sec,“^mole’x X~'*v
Although such rate increases are expected for an St,2(open)
mechanism, there is nothing to prevent one from thinking that there
might be a cyclic mechanism in operation in solvent dioxan and 
as the solvent polarity increases by water addition the cyclic 
mechanism changes into an 1 ionic* one.
(i) Tin-for-tin substitution
f37 *|
Tagliavini and his co-workersu J have studied the
redistribution reactions between R^SnMe (R = Me, Et, n-Pr,
iso-Pr and Bu) and MegSnCl^ in methanol. The reaction occurred 
according to the equation,
It was observed that, under the experimental conditions 
employed, the reaction occurred so that only the methyl group
investigators measured the reaction rates of a series of
substrates Et. SnMe (n = 1,2,3) in order to establish whether fz-n n
reactivity is statistically dependent upon the number of the 
methyl groups. It was found that the value of kg/n slowly 
decreased on increasing n indicating that statistics cannot 
be the main factor.
the reaction medium, but a positive salt effect was observed on 
adding a salt not containing chloride ions. The reaction was, 
also, retarded on adding water to the methanol, and in solvents 
such as acetone, acetonitrile and dioxan, reactions were 
notably slowed down or even stopped.
RQSnMe + Me0SnCl * R^SnCl + Me^SnCl
Varying the R group* the second order rate constant of the 
reaction increased in the order*
in R^SnMe is cleaved. Having made this observation, the
The reaction rate decreased on adding sodium chloride to
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Discussing the above results, it was concluded that the 
reactions take place only in those media which allow dissociation 
of Me^SnClg,
Me2SnCl + xS _z » Me2SnCl(S) ( S ) + Cl(-)
Me2SnCl(S)(S)^_x + S r ^ M e g S n t S j g O ) ^  + Cl(_)
Xtfhere (S) represents the solvent.
This, also, is said to agree with the decrease in 
rates on addition of chloride ions. The reacting species, 
the investigators say, may be Me0Sn(S) (S)2+, or Me0SnCl(S)(S)* _
6 eL X — JL Ci S!".'.
or both and the reaction rates depend upon the concentration
of these species which varies from solvent to solvent. The
decrease in the rate on adding water to the methanol, the
investigators say, is because water is more strongly bonded 
2+to the MegSn ion and the displacement of the water molecules 
from the first coordination sphere of this ion is very difficult. 
Considering the effect of the R group it was observed that as R 
changed from (Me) to (Et) etc., only small decreases occurred 
in the rate (see Table l.ll) which were not explainable in 
terms of steric effects. The effect could not be considered 
to be a polar one either as on this basis the reverse of 
the sequence obtained would be expected.
Table 1.11.
Rate constants obtained, at 25 C, for the reaction, RpSnMe +
Me2SnCl2 R^SnCl + Me^SnCl by Tagliavini et al
Substrate
Me ^SnMe
Et^SnMe
n-Pr^SnMe
n-Bu^SnMe
iso-Pr^SnMe
k225 1 0 '(I mole”1sec.~1)
8.1
3-5
2.7
2.2
1.3
The proposed mechanism of the substitution is as 
presented below
R R
R^SnMe + S  ---» S  > Sn Me
Me2Sn(S)32 +
R
R
\
R
£  S n ---
S
R
Me 
*
* Me
V  /
Sn'f./r\ Me
2 +
R^Sn(solv.) 
+Me^Sn(solv. )
The tendency of methanol to coordinate to the tin 
centre of R^SnMe is expected to decrease on increasing the 
chain length of the R groups and in such a way the coordinative
step by the solvent is responsible for the decrease of the 
reaction rates in the series of the alkyl group from methyl to 
iso-propyl. Reactions require the displacement of a solvent
displacement of chromium(III) from some penta-a quo-organo- 
chromium(III) ions by thallium(IXI) in aqueous acidic solution. 
The source of thaIlium(III) was the chloride which was reacted 
with the 2-*3-, and ^-pyridiomethylpenta-aquochromium(III) ions 
It was shown that the reaction is second order over all, 
first order in each reactant; and that the rate coefficients 
could be accommodated by assuming that separate reaction 
occurs through the species T1C12 ^+\ t ! C 1  ^ a n d T L C l ^ .
2+molecule on the solvated Me^Sn reagent, and the lower 
reactivity in methanol/water mixtures may be due to a
relatively high energy being required to break the coordin^tive
2+bonding between the water molecule and the tin in Me^Sn(OH^) ^
(j) Thallium-for-chromium substitution
[381Johnson et al. have recently studied the
The following mechanism has been proposed:-
(2+8)+
[Cr(Ho0)_]+ T1C1
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[Cr(H20) ]3+ -<• H20  ---- M C r ( H 20)6]3+
[Cr(H20)5]3+ + Cl -MClCr(H20 )5]
2 +
2+
5
H
ch2tici2-w
&
' \
CK
I 2
K
/
+ [Cr(H20 )5]3+ + Cl
T1C1
+
2
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SECTION 3 - ALKYL GROUP EFFECTS OH RELATIVE RATES
(a) Scope of* this section
The section is in two parts, the first part deals 
with how'the relative reactivity of a series of metal alkyls, 
with respect to the alkyl group(s), alters with change in 
solvent, and the second part deals with the origin of the 
steric sequence of reactivity that is observed in many 
cases of electrophilic substitution of metal alkyls.
(b) Effects of solvent on the relative reactivity of R; in
RMX^, taking part in an electrophilic substitution reaction.
Prom a study of the rates of reaction of tetraalkyltins 
(Rj Sn) with halogens in solvents of varying polarity, Gielen 
and Nasielski^^^’^ fcnmd that a steric sequence, R = Me E t ^  
n-Pr\ isO“Pr obtained in polar solvents (e.g. MeOH, KOAc, 
D.M.F.) and a f,iDolar sequence” of the type, R = Me ^ E t ^ >  
isc-Pr, obtained in non-polar solvents (e.g. PhCl, Phil,
r b ^ iCCl^). (See Table 1 .12) Tagliavini et ai. also found
the same behaviour for reactions of tetraethyl leads with 
halogens (see Table 1.12).
Gielen and Nasielski interpreted the two medium, 
dependent reactivity sequences as follows:~
In a nucleophilic polar solvent, the external 
nucleophilic assistance by the solvent is much more effective 
than the internal nucleophilic coordination of the reactant
- 78 -
Xand the favoured transition state will be of the S_2 (open) type*a
The polarization of the tin-carbon bond is increased by solvent 
co-ordination and this polorization governs the reactivity of the
aikyl -1in group.
R.Sn + S j R,   S(+) R,Sn   S*+*R(-**± ' ft J
( \ t . \ J. 6 “ /
H.Sn' }   S' ' + X„  [s'*"   SriH  H    ~ r y--  R,SnX+RX
* ^  3 c* - 3
Where S = solvent, X = halogen
They suggested that steric effects would be of 
importance in the co-ordination of solvent and also in the 
subsequent attack of halogen. They considered the steric 
sequence to be due to interactions between leaving group (MR^) 
and entering group (X ) in the transition state of the type,
R
R
R 
I
i
M<
/
r S\
v-x-
N.
\ .
'X
a behaviour which is to be expected if all the alkyl groups in
R^Sn exerted a steric effect towards the solvent molecule in
( “ ) ( + )the formation of ehe penta-coordinate RLiSn —  S . To
produce support for their theory, Gielen and Nasieiski carried 
out some reactions using mixed tetraalkyltins and collected the
32 Positive kinetic salt effects were observed for reactions in 
the steric sequence which supported the idea of an 3^2(open) 
transition state existing in the paths of these reactions.
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Table 1.15
Relative rates of electrophilic substitution reactions
(a) Tetr 
reac
aalkyltin 
ting with
= Me^Sn 
halogens
Et^Sn n-Pr^ , Sn n-Bu^Sn iso-Pr^,Sn
Solvent Temp.°C Reactant
MeOH 20 100 12 1.4 0.57 0.6 I2
Ac OH 20 100 33 3.9 3.3 0.03 2
PhCl 20 100 600 78 60 560 X2
DMP 20 100 46 6.1 - B r 2
Ac OH 20 100 83 12 10 2.6 B r 2
PhCl 20 100 1250 480 4 60 310 Br2
c c h
20 100 9500 4400 5400 8600 B r 2
(b) Tetraalicyllead = MePb 
reacting with halogens
Et.Pb n-Pr^Pb m-BnPb iso-Pr^Pb
MeOH 25 100 39 13.4 - X2
AcOH 20 100 37 - - - X2
PliH 35 100 1200 370 - _ I2
o o H 31 100 3040 1200 - X2
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data shown on Table 1.13, which, they say, indicate that the 
reactivity of a given group R is greatly influenced by the 
nature of the leaving group SnR^.
Table 1.13
Rate constants for the lodomemetallafion of symmetrical (R^Sh) 
and unsymmetrical (R^SnP*) tetr.aalkyltins in methanol
TetraaIkyIt in
i . ■ ■ , _ •. .
Bond Cleaved k ^ ' l . m c l e ^ s e c ;1 for bond cleaved
Me^Sn•&. Me-Sn lo77
Me^Snt-Bu Me-Sn 0.01
Me^SnEt Et-Sn 0.26
Et^Sn Et-Sn 0.20
Et^Sn-nPr n-Pr-Sn 0.06
n-Pr^Sn n-Pr-Sn 0.025
Me^Sn-n-Bu n-Bu-Sn 0.132
Et^Sn-n-Bu n-Bu-Sn 0.05
Me^Sn-iso-Pr iso-Pr-Sn 0.01
iso-Pr^Sn iso-Pr-Sn 0.001
In a less polar, or a less nucleophilic solvent,
Gielen and Nasielski suggested that the halogen molecule plays 
the role of a nucleophile and the most likely mechanism they 
presented as follows:-
V \ R /
External nucleophilic assistance by the solvent is no 
longer a predominating factor and the possibility of an 
internal nucleophilic co-ordination with the reactant increases. 
In any case they said the formation of a transition state of 
the S„2(open) type in a solvent which is not so able to 
stabilize the partial changes seems less probable. The attack 
of the nucleophilic part of the reagent prevents the rotation 
of the group - MR^ about the carbon-metal bond and no steric. 
interaction would be possible between the leaving group - 
and the incoming group X^
-■iSs x
/ \
R,/  ">X
\  '
s ✓
X  v  ^•n
The sequence of reactivity obtained in non-polai 
soluents was explained by Gielen and Nasielski by considering 
the bromination and iodonation reactions of the unsyrametrical 
tetraalkyltins, RSnMe^ (See Table I0l4)«,
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Table 1,14
Rate constants for the cleavage of the R-Sn bond, by halogens, 
in tetraalkyltinsl of the type R-SnMe^
R = Me Et n-Pr iso-Pr n-Bu t-Bu
...........-  - - -■  .................... .,--i -i:. .,•■■■■ -i'. .. i i:............ ■    . . •' . 1 .
Reactant Solvent
BrQ PhCla 2,85 2,08 0.90 2.06 0.90 - 5-52
21 MeOHb 1.77 0.256 O.O56 -0.01 0.132 - 0.0Q
Reference to Table 1.14 shows that for linear alkyl 
groups the sequence of reactivity obtained in chlorobenzene is 
analagous to that obtained in the polar solvent, methanol, 
namely
Me \  Et \  n - P r \  n-Bu 
/  /The same reason as in the case of methanol (or acetic acid)
was given to explain the above reactivity sequence, even
though the values of K in chlorobenzene are much smaller.
The particular reactivity of the branched chain groups, 
t \
i.e. the sequence Bu \ Me, in chlorobenzene, was thought tq be
due to the influence of other parameters. The first stage
of the reaction being activation by nucleophilic attack of
halogen, e.g. bromine, at the tin atom, the relative reactivity
tof, say, Me and Bu groups attached to the same tin atom, the 
investigators said, must be due to their relative reactivity
ci 2 —X —XRate constants X10 l.mole” sec.”
Id X XRate constants in l.mole" sec!
in the complex
Me
Me
Sn(-) ---   Brp(+)
He.^^
But
Now five groups surround the tin atom, giving a
* t
compressed state* Steric relief would be greater if Bu moved 
rather than Me, hence the rate sequence H e /  Bu^„
T ^ 11Tagliavini et al. have, also, studied the bromination
and iodination of several mixed tetraalkyltins, in solvents 
carbon tetrachloride and methanol* Similarly to Gielen and 
Nasielski they proposed two solvent dependent mechanisms for 
the second-order reactions that they observed* Two series of 
organo-tins were employed for the investigation:
First series: R^SnMe (R = Et, n-Pr, n-Bu and iso-Pr)
Second series: n-Bu^SnR (R = Me, Et and n-Pr)
For the first series the reactivity sequences in methanol 
and carbon tetrachloride were, respectively -
EtSnMe^/ n-Pr0SnMe / n-Bu.SnMe ^/' iso-Pr0SnMe and
3 /  3 /  3 /  3
Et„SnMe y n-Pr,. SnMe / n-Bu„SnMe /  iso-Pr^SnMe
3 / 3 3 \  3
For the second series the corresponding reactivity 
sequences were:
n-Bu^SnMe y  n-Bu^SnEt^ n-Bu^Sn-n-Pr and
- , - > ■  - 
n-Bu^SnMe ^n-Bu^ SnEt \  n-Bu^Sn-n-Pr
It was assumed that the only reaction being observed 
for the first series is the cleavage of the Sn-Me bond and that
the only reaction in the second series is the cleavage of the 
bonds, Sn-Me, Sn-Et and Sn-Pr , respectively.
Positive kinetic salt effects were used to postulate 
Sg2 (open) mechanism for the reactions in methanol and the 
reactivity sequences were attributed to a steric interaction 
between the entering halogen molecule and the leaving group 
R Sn. An increase in the polorization of the tin-carbon bond
j
was proposed due to the co-ordination of a methanol molecule 
and the transition state was postulated to be of the type,
*?H3
t
I
! 6(-)
*
I
A four-centred transition state of the type,
R 0S n --------- R»
t3 I
I \
} I
B r ----------- Br
which corresponds to the SE2 (cyclic) mechanism, was proposed
for the reactions in carbontetrachloride, on the grounds
that carbontetrachloride was not able to stabilize an S„2(open)Hf
transition state. The reactivity sequences were attributed 
to a combination of steric and electronic effects and they 
were due, the investigators said, to the polar (inductive) 
effects of the alkyl groups being dominant.
Gielen and Nasielski*s theory that changes in 
reactivity sequences are solely due to solvent effects has been
R
R
6(+) 
Sn --
0
Me*^
s eve rely criticised. For example, reactions of axlryl bronic 
acids with various species in water, investigated by Ware and 
T a y l o r , ^  were shown to exhibit a polar sequence although the 
solvent was quite polar (see Table 1.15) * Ware and Tayl o r ^ ^  
have established the following mechanism for the cleavage of alhyl- 
bronic a@ids by aqueous hydrogen peroxide and its corresponding 
anion.
Table 1.15
Relative rate for electro-philic substitution reactions of 
alkylbronic acids, RB(OH)^ in water
RB(OH)p, R = Me Et n-3u iso-Pr t-Bu
Temp. C Reactant
25 100 - 3020 - 39OOO H00Ho +
25 100 - 3800 18000 56000 HOQ^ ^
..(Vhlue 
for Bus)
30 100 3 x l05 - 3 x 107 HCrO^ * “ *
^ R
I, . (-) K V (-) i \  r \  K, (-)
B(0H)2 + 00H —   -> (HO) 2 B   0 —  OH HO2BOR + OH
r 32I
But Abraham and Hill suggested mechanism S„2 (co-ordinate)is
for the reaction and the mechanism, they postulated, would give 
rise to a polar sequence of reactivity as that obtained for the 
reactions, namely
r o2]
Abraham and Hill J later interpreted the reactivity 
sequences, considered by Gielen and Nasielski, together with 
the reactivity sequences of many other series of substitutions, 
on the basis of the possible mechanisms of substitutions*
They suggested that there was a gradual change from mechanism 
Se2 ( open) through SE2(cyclic) to Sg2 (co-ordinate);
—   Nucleophilic attack increases — .. ...— y?
\
MX MX MX m xs n y n n y n
^  \  -d \  ' / \K 1 R \  R \ \ R \
V \ J *  \  S N
E-N * E
Sw2(ot)en) V— -— S„2( cyclic) ~ J SKt2(cO“Ord«, )is & Hi
 — — — —  El ectrophilic attack increases
The observed sequences of reactivity were then correlated 
with the relative dominance of electrophilic attack and 
nucleophilic attack of the electrophile at the substrate*
For reactions proceeding in polar solvents (e*g* iodo- 
demetaliation of tetraalkyltins in solvent methanol), both 
Gielen et al* and Taglavini et al„ suggest that steric effects 
in the co-ordination of the solvent could be important* The 
tin atom becomes five-co-ordinate in such a process and the 
larger the groups round the tin atom, the less favourable will 
be the solvent co-ordination;
Relative rates for the substitution of E^Sn by 1^ in 
MeOH are as follows (statistically corrected):
Me -  SnMe3 (100)
Me -  SnMe^(100) ^  Me -  SnEt3 (~210)
Me -  SnMe^lOO) Et -  SnMe3 (l4)
Clearly, the total size of the four" alkyl groups on the
tin atom does not correlate at all with the relative reactivity
on the basis of the steric effect in solvent co-ordination.
On the whole, the author wishes to point out, that in
his opinion it seems more reasonable to rely on the procedure
r?2]
adopted by Abraham and HillL" and interpret the reactivity 
sequences purely on the basis of changes in mechanism rather 
than giving full consideration to medium effect and making the 
assumption that mechanistic changes will automatically follow.
(c) The origin of the steric sequence
All the invistigators, to-date, have agreed that there
is a steric effect involved in an S^2 (open) reaction, but the
origin of the steric effect has been a matter of some 
controversy.
f3 ^9 ,^0]Gielen and Nasielski '' proclaimed that the origin of 
the steric sequence for an S^2(open) reaction is the interaction 
between leaving group (MR^) and entering group (X^) in 
transition state of the type,
X  Et -  SnEt3 (12)
They collected the data shown on Table 1.13 to produce support
Tor their theory and pointed out that the data indicate that
the reactivity of a given group R, in an unsymmetrical
tetraalkyltin, R^SnR*, is greatly influenced by the nature
of the leaving group SnR^. A close examination of Table 1*13
reveals, however, that only when the leaving group contains
very bulky alkyl groups such as iso-Pr^Sn or tert-BuMe^Sn is
r o oH
there a marked steric effect and later Abraham and Kill J
suggested that in Sg2(open) reactions there is but little
steric effect due to the leaving group and that the moving
group R* has an appreciable steric effect* Reference to
Table 1*16 confirms Abraham and Hillfs theory* The table
shows the rate constants for the cleavage of the tin-meihyl
bond, in a series of mixed tetraalkyltins, by iodine in
methanol at 2C°C. The rate constants have been statistically
corrected* For example, in a comparison of the rate of
cleavage of a methyl group from compounds Me^Sn and MeSnEt„, the
the observed rate coefficient for substitution of Me^Sn is
divided by a factor of k and the corrected rate coefficient
then compared with that for the cleavage of the methyl group
in compound MeSn£t0* It can be seen from the table that
3
although the nature of the leaving group varies considerably,
the variations in the rate constant for the cleavage of the
Sn —  Me bond is very small, compared with the change in the
rate constant for cleavage of varions R —  Sn bonds as shown
in Table 1 „ 13<> The only anomalies in the series shown in
Table 1.16 are when the leaving groups contain branched
alkyl groups as is seen for numbers 6 and 11 where the
leaving groups are t-BaSnMe0 and iso-Pr„Sn respectively* The
^ 3
rate constants for the cleavage of the Me —  Sn bond, in these 
cases are very much smaller than for the remaining cases, 
indicating that when the leaving group becomes too bulky it 
does give rise to some steric effect. Table 1,17 shown the 
relative rates of the cleavage of R —  Sn bonds in the 
unsymmetric tetraalkyl tin, R-SnMe^. It could be seen from 
Table 1.17 that although the leaving group SnMe^ remains constant, 
there is a considerable change in the rate as the moving 
group, R, changes. In any case a reasonable conclusion is, 
Abraham and Rill say, that in an S^2 (open) reaction the moving 
group exerts a steric effect in the transition state through 
non-bonded interactions with the incoming electrophile and 
with the leaving group.
Gielen and Nasielski have now diverted from their 
original belief about the steric importance of the leaving
[3 9 ]
group and mention in one of their recent papers that
there is more steric interaction between the incoming group
and the moving group than they previously imagined. Spalding^ ^
studying the reactions of tetraalkyltins with mercuric iodide,
also, found that the most important steric effect in an
S„2 (open) mechanism, arise from two series of interections,
namely the interactions between the alkyl group undergoing
substitution and the incoming electrophile, Hgl^; and the
interactions between the alkyl group undergoing substitution
a
and the leaving set of atoms SnC^ , this leaving set remaining 
constant no matter what alkyl groups make up the total leaving 
group SnR^ [See Section 2(d) p. kk ].
The effect of the moving group in substitutions 
proceeding by mehcanism S^2(co-ord,) is completely the reverse
90 -
to its effect in mechanism S^2 (open) and reference to Table 1..1A 
suggests that in mechanism S^2(co~ord.) the effect of the 
moving group is to accelerate reaction in the sense.
it might be expected that substituent effects would reflect, 
at least in part, the relative importance of electrophilic
to nucleophilic attack at the metal atom in the leaving group. 
Hence the same reactivity sequence as for S^2(open) mechanism 
might be expected to obtain for an S^2 (cyclic) mechanism 
if in the cyclic transition state electrophilic attack is 
dominant, and the same reactivity sequence as that for an 
Sg2 (co-ord.) mechanism would then correspond to a cyclic 
transition state in which nucleophilic attack is dominant.
For substitutions proceeding by mechanism S^2(cyclic)
attack at the carbon atom undergoing substitution, compared
There is also likely to be a region in wbich reactivity
sequences that are mixtures of the two above-mentioned
reactivity sequences are observed.
Table 1,16
The statistically corrected rate constants for the iodode- 
metailation o£ various tetraalkyltins in methanol
Sn~M@ — 1 —1Tetraalkyltin Bond Cleaved Leaving Group k^ l.mole sec
1 Me^Sn Me - Sn Me^Sn 1.77 t¥l
2 EtSnMe^ Me - Sn EtSnMe2 2.34 Lk<>l
3 n-PrSnMe^ Me - Sn n-PrSnMe^ 1.95 IM1
k n-BuSnMe^ Me - Sn n-BuSnMe^ 1.95
5 iso-PrSnMe^ Me - Sn iso-PrSnMe^ 1.51 HMJ
6 t-BuSnMe0
3
Me - Sn t-BuSnMe2 0.01 W l
7 Et^SnMe Me - Sn Et^Sn 3.58 m
8 Et^SnMe Me - Sn Et^Sn 3.51 M/J
9 n-Fr^SnMe Me - Sn n-Pr^Sn 1.66 W l
10 n-Bu^SnMe Me - Sn n-Bu^Sn 1.39
11 iso-Pr^SnMe Me - Sn iso-Pr^Sn 0.16 f4/J
Table 1,17
The relative rates for the cleavage of R-Sn bond, in 
RSnKe^, by halogens in various solvents at 20°C.
R = Me Et n-Pr n-Bu iso-Pr t-Bu
Solvent Reactant
MeOH I2 100 14 3-1 7.5 0.6 ~ 0
AcOH I 100 16 2.7 5.2 0.8 - 0.1
AcOH Br0 100 41 12 19 1.0
(Li
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P A R T  2 
D I S C U S S I O N
SECTION 1 - PURPOSE OF THE WORK 
F271
Previously Johnston has studied the kinetics 
and mechanism of the reaction between various tetraalkyltins 
and mercuric chloride in various polar solvents, namely
(271water/methanol mixtures. In such polar solvents, Johnston ■ 
deduced the S^2(open) mechanism for the reactions, and we 
hoped, by moving to a far less polar solvent such as tert- 
butanol that we might be able to observe a change of mechanism 
from Sg2(open) to Sg2(cyclic). We hoped to detect such a 
change from the information obtained as to (i) the effects 
of a change in solvent polarity, (ii) the effects of various 
alkyl groups, attached to the tin atom, on the rate of reaction, 
and (iii) the effects of added inert salt on the rate of the 
reaction.
Reactions of mercuric iodide and mercuric acetate were, 
also, studied with tetraethyltin, (a) to obtain more information 
about reaction mechanism, and (b) to clear the argument about 
the validity of using the relative reactivity of mercuric salts 
in mechanistic determination, had there been a change to 
mechanism S^2 (cyclic).
SECTION 2 - REACTIONS OF TETRAETHYLTIN WITH MERCURIC SALTS IN,
ETHANOL AND METHANOL/WATER MIXTURES
(a) Previous work
, x [23,24,25]
(i) Spalding has studied the reactions of
tetraalkyltins with mercuric iodide in 96% methanol and 
found that the reactions, following the stoiohiometry,
k2R^Sn + Hgl2 ---^  RKgl + R ^ n l
H^SnX + Hgl2 — ^ 4  8 Sn(+) + Hgl
were all second order, following S^2 (open) mechanism 
[see Part 1 - Section 2(L(i)]<,
f27l(ii) Johnston has investigated the reactions of
tetraethyltin with mercuric chloride in methanol/water
x
mixtures with X(MeOH) = 1 to 0.51* He has shown that the 
course of the reaction is simply,
Etj^Sn + HgCl2 --- * EtHgCl + Et^SnCl
and has established the mechanism S^2(open) for the reaction 
in 96% methanol, and this mechanism, he has believed to 
exist throughout the solvent range for the reaction 
[See Part 1 - Section 2(L(±±)].
(b) Present work
Reactions of tetraethyltin with mercuric chloride,
mercuric iodide and mercuric acetate have been studied 
y The symbol X(MeOH) denotes the mole fraction of methanol.
kinetically in the solvents methanol, $6% methanol and 85%
[27]methanol. Considering the work of Johnston, reactions
with the chloride and the acetate have been assumed to occur 
as,
Et^Sn + HgX2  EtHgX + Et^SnX
Where X = Cl or OAc
f 231and the stoichiometry put forward by Spalding has been
employed for the study of the reactions with the iodide.
Kinetic runs were set up and followed in the manner
r  271described in Part 3, Section 5, and Johnston’s J calibration
H
data were used to calculate the rate constants in all the
cases [See part 3 - Section 6].
The relative rates for the reactions of the mercuric
salts in each solvent mixture are given in Table 2.1.
[x See Section Mb)]
Table 2.1
Relative rates for the reactions of tetraethyltin with mercuric 
salts, HgX^, in methanol, 96% methanol and 85% methanol at 25°C
Relative Rates
HgX2 *= Hgl3(_) Hgl2 HgCl2 Hg(0Af } 2
Solvent X(MeOH)
85%MeOH 0.716 0 (a) 0.605 x(a) 130.8
96%MeOH 0.91^ 0 <a) 0.7l4(b) l(a) 15M3
MeOH O .999 0 0.760 1 187-5
(a) The rate constant taken from ref. [27].
(b ) The rate constant taken from ref. [23] and corrected for 
a value in 96% methanol as the value given was in 95*6% 
methanol.
It is seen from Table 2,1 that the relative rates 
for the reactions of the mercuric salts with tetraethyltin 
remains very nearly constant throughout the solvent range 
employed. This will probably mean that the same mechanism 
is in force for the reactions in all the solvents and since 
the mechanism S^2(open) has been established for the
reactions of the chloride and the iodide in 96% methanol by
[271 [23,2(1,25]
Johnston and Spalding respectively, one might be
able to deduce that all the reactions proceed via mechanism
S„2(open) in all the above solvents from 85% methanol to
methanol inclusive.
It is stressed that the sequences of reactivity 
shown in Table 2.1. have not been used directly to deduce 
the mechanism of reaction. Our suggestion is that because 
the relative rates are constant in the three solvents used, 
the same mechanism (whatever that may be) is probably in 
force in the three solvents. Then, knowing from previous 
work that mechanism 3^2(open) has been established for 
substitution by mercuric chloride and mercuric iodide in 
solvent 96% methanol, we may deduce that mechanism S^2(open) 
is in force for these two salts in the other two solvents.
More conclusive evidence for the presence of S^2(open) 
mechanism could be obtained by considering the results of the 
salt effect experiments in methanol (See part 3 ~ Sections 
13 and 15)
Considering the equation,
Et^Sn hSX 2
Whore Is and kQ are respectively the rate constants 
in the presence and in the absence of the salt and 
the activity coefficient of species a, one expects to observe 
a positive salt effect for reactions proceeding through 
S„2(onen) mechanism. Because if one accents the generalHi
r  r  ^ 5]idea expressed by Johnston and Spalding that added
salts destabilize the reactants (i.e. ^^ac vant ^  ^  in
presence of salt) and do not affect a polar transition state
of the 5„2(open) type, all that much, then the ratio
Et.Sn HgX2 
—
Y
should always be greater than unity, increasing on salt 
addition as the above factors become more and more operative. 
On the other hand for an Sg2(cyclic) mechanism no salt effect 
is expected to be observed as a non-polar transition state 
of the S„2(cyclic) type should be affected similarly to the
iir
reactants by added salts. This was actually shown to be
[*25*1
the case by Spalding in the system he was investigating
[see Part 1,Section 2d(i)].
Effects of added tetrabutylammoniuraperchlorate were
studied on the reactions of mercuric iodide with tetraethyltin
and mercuric chloride with ietraethyltin in methanol. Results
are shown in Part 3, Sections 15 and 13 respectively.
Graphs of h/h for the two cases are shown on page 93 a
A graph for the salt effect studies carried out by 
f2 71Johnston on the reaction of the chloride in 96% methanol 
at 40°C has also been included. Positive salt effects could
- &rsipK of' V5 (Vetra, butyl ^erchloi^te"}
- for reac tio n s  o f  m e rc u ric  ch loride jJLtvd 
mercuric 'iodide with tetraethyl tin  in methanol*
1*9
•6
1*3
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immediately be recognised, providing good evidence for the 
S-2(open) mechanism for the reactions in methanol*
It thus seems that all the evidence points towards 
the S„2(open) mechanism for the reactions of merc\iric chlorideij/
and mercuric iodide with tetraethyltin in the solvent range 
employed* It is regrettable that no salt effect has been 
done on the reaction of the acetate and it is thus not possible 
to deduce the mechanism, with any certainty, in this case* 
However, considering the general pattern of the relative rates, 
Table 2*1*, and from the observed co-solvent effects, Table 
2 *2 *, it seems possible that the reaction of mercuric acetate 
with tetraethyltin also follows mechanism S^2 (open) in 
methanol and methanol/water solvents*
Table 2.2
Rate constants for reactions of mercuric salts with tetraethyltin 
in methanol and methanol/water mixtures at 25°C
HgX
2 = Hgl2 HgCl2 hs(oac )2
Solvent X(MeOH)
85/oMeOH 0*716 0.887 l.%65(a) 191-7
96^MeOH 0*9U 0.270 0.378(a) 58.3
MeOH 0.999 0.152 0.200 37.5
(a) Rate constant taken from ref* §J7]
Rate constant taken from ref* |23] and corrected for the 
value in 96% methanol*
-  1 0 0  -
SECTION 3 - REACTIONS OF TETRAETHYLTIN WITH MERCURIC SALTS 
IN MBTHAN0L/TERT-BUTANOL MIXTURES
(a) Scope of this section
Reactions of mercuric chloride,mercuric iodide and 
mercuric acetate, with tetraethyltin, were carried out in 
t-butanol/methanol mixtures, from X(MeOH) = 1 to zero.
The reactions were carried out at 25°C except in i-butanol 
where the reactions were done at 30°C. The chloride 
reactions were also carried out at 40°C.(30, 40 and 60°C in 
t-butanol) and values of the activation energies for the
reaction worked out at various solvent compositions.
[271Johnston*s calibration data were used to work out second
order rate constants for the reactions carried out in the 
solvent range, X(MeOH) = 1 to*8 , and the author*s 
calibration constants were employed for rate constant 
calculation in the solvent range X(MeOH) = .8 to zero.
The difference between the two calibrations is very small, 
they, in fact, only affect the third place of decimals 
in the rate constant value.
(k) Reactions of mercuric salts with tetraethyltin in 
me thano1/1-but ano1 mixture s
Relative rate constants for the reactions of mercuric 
chloride, iodide and acetate, with tetraethyltin in methanol/ 
t-butanol mixtures at 25°C are given in Table 2.3. Reference 
to Table 2.3 indicates that the relative rates for the
reactions of the mercuric salts are all of the same order
TABLE 2.3.
Relative rates for the reactions of tetraethyltin with mercuric 
salts, HgXg, in methanol/t-butanol mixtures at 25°C.
Relative Rates
HgXg * H sI3(_) Hgl2 Hg012 Hg(OAc)g
Solv.X(MeOH)
1 0 0.76 1 187.5
0.84 - 0.77 1 139.4
0.4 - 0.65 1 89.1
0.2 - 0.46 1 61.1
K 0 (t-butanol) 0 0.28 1 99.7
This, once again, might be taken as evidence to indicate 
that probably the same mechanism is in force throughout the 
solvent range employed, and since mechanism S_,2(open) was 
established for the reactions in methanol, in the previous 
section, one could perhaps conclude that this same mechanism 
is operative in the methanol/t-butanol mixtures from 
X(MeOH) = 1 to X(MeOH) = 0. The actual rate constant 
values for the reactions of the mercuric salts with 
tetraethyltin in various solvent compositions have been given 
in Part 3 - Tables3.12, 3.14:, and 3.15. Graphs of rate 
constant against solvent composition for the three mercuric
x Rate constant at 30°C.
-  1 0 2  -
salts are shown on pages 103 - 105* The results are
all in qualitative agreement with the theory of Hughes and 
Ingold.  ^ According to these authors, the rate of 
reactions in which charge separation occurs, or ionic 
charges are compressed into a smaller space, during the 
passage through the transition state, increase with the 
polarity of the medium surrounding the reactants and the 
activated complex. We may thus postulate, once again, 
that there is a considerable charge separation in the 
transition state and that the reaction between tetraethyltin 
and the mercuric salts proceed by the Sg2 (open) mechanism.
(c) Effects of added inert salt on the reaction of mercuric 
chloride with tetraethyltin in various methanol/t-butanol 
mixtures.
The salt effect studies were carried out, at 25°C, 
in the three solvent mixtures of X(MeOH) = .84, .4, and .2 
and at 30°C in t-butanol itself, X(MeOH) = 0. The results
lr
are shown in Part 3 Table 3-13. Graphs of ( /ko) against
salt concentration, for each solvent mixture are shown
on page 106. References to these graphs will demonstrate
immediately a positive kinetic salt effect which, on the
basis of what was described in the previous section, is good
evidence for the presence of the S_2(open) mechanism foris
the reactions in the solvent range employed. The graphs 
also indicate that the amount of salt needed to double the 
rate decreases sharply as one moves towards the less polar
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solvent, tert-butanol. This is in keeping with what
previous investigators have found in some cases:
I7t4 1Winstein et al. found that the rate of ionization
of p-methoxy-neophyl p-toluene sulfonate increased on the
introduction of lithium perchlorate into the reaction medium
and that such salt effects became quite large in the less
ionizing solvents such as acetone and ethylacetate and
enormous in a solvent such as diethylether (see Table 2.4).
TLk 1
Winstein et al. ^ also found that the ionization of the 
spirodienyl p-nitrobenzoate (I-OPNB) varied similarly as 
above with added inert salt in different solvents. The* ionizaticn, 
shown, belojtfjwas accelerated by a factor of 10  ^by 0.05 M
ether addition of 0.1 M of the inert salt promoted the rate
lithium perchlorate in acetone, while in a solvent such as
b y  a factor of 1 0  t
TABLE 2.4.
Effects of added lithium perchlorate on the ionization of 
p-methoxyneophyl p-toluenesulfonate in various solvents
Solvent Dielectric Temp.°C k^xlO^-sec.[LiClO^] k/
constant
A60H 9.7 50 11.9 0.06 M 1.025
EtOAc 6.4 75 0.113 0.01 M 4894
Et^O 4.3 50 .0006 0.01 M 53C108
Salt-effect data from the present work; obtained on the 
reaction of mercuric chloride with tetraethyltin:
MeOH 30 25 0.200 0.05*M 1.32
t-BuOH 11 30 0.0105 0.01*14 1.62
3£ The salt used was tetrabutylammoniurnperchlorate .
(d) Activation parameters for the reaction between tetra­
ethyltin and mercuric chloride in various methanol/t-butanol
mixtures
The activation free energies, enthalpies and
entropies for the reaction of tetraethyltin with mercuric
chloride in various methanol/t-butanol mixtures were
calculated as described in Part 3, Section 17. The results
/ /
are shown in Parc 3, Table 3.19. Graphs of AG and All 
plotted against solvent composition are shown on page 109 .
A graph representing the change in AS for the reaction 
in the solvent range methanol/water to methanol and t-butanol
Activation Pxr^mcters fo r the reaction of 
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is shown on page 110. The part X(MeOH) = 1 to .54 in the
methanol/water region on this graph has been taken from 
[27"]Johnston and the dotted line represents a rough
extrapolation since the reaction hac not been studied in
more aqueous regions than X(MeOH) = .54.
The free energy of activation behaves in a relatively
simple fashion as predicted by the Hughe s-Ir.go Id theory on
T461medium effects on reaction rates. J On the basis of 
this theory, the reaction would be regarded as occurring 
through the conversion of relatively non-polar molecules to 
a transition state involving some charge separation, so that 
as the dielectric constant of the medium is increased on 
going from tert-butanol to methanol, the free energy of 
activation decreases steadily.
The magnitude of entropies of activation has aroused 
some interest. Weingarten et al.^7] have stated that 
a high negative entropy of activation (i.e. of the order of 
-20 to -40 e.u.) is inductive, for a bimolecular reaction 
between neutral molecules, of a closed transition state of 
the Sg2 (cyclic) type. Both Johnston^^ and Spalding^^ 
have objected to this concept and their results, indeed, 
contradict the above postulate. Both of them observed that 
the reactions which they concluded, on good evidence, to
proceed via S^2(open) mechanism were accompanied by lai'ge
y T481negative values of AS . Okamoto and his co-workers
found that for a series of S„2 reactions of the MenschutkinN
type, which they studied, high negative entropies of activation
arose„ Their results are shown on Table 2.5.
TABLE 2.5.
solvents.
— — nw — "■>. ■ i ■ 1 . 1 . .i r
Reactants Solvent AS'^ AH^
Me^N+Mel
o
<M +1 20
Me^N+Mel Benzene -47 6.4
Et^N+Mel MeOH -25 14.3
Et^N+Mel Benzene -43 8.5
BenzyljN+Mel n-BuOH -32 16.5
Benzyl ^N+MeX Benzene “31 19.1
On the basis of the data given in Table 2.5, the
data on Menschutkin reactions given in Table 2.6 could
reasonably be deduced and can be compared with the data
obtained for the reactions of mercuric chloride with
tetraethyltin in methanol/t-butanol mixtures, given in
the same table. Reference to Table 2.6 shows that
throughout the reactions indicated, as the polarity of the
y
solvent decreases AS becomes more and more negative and
A /AH , also, steadily decreases. Since the reaction between 
Me^N and Mel are known to follow the S .^2 mechanism, i.e. to 
occur through an 'open1 transition state in which considerable
charge separation has occurred, it is suggested that the 
reaction between mercuric chloride and tetraethyltin in 
methanol/t-butanol mixtures from X(MeOH) = 1 to zero inclusive, 
also proceeds through a transition state in which considerable 
charge separation has occurred. In other words, the 
transition state of the Sg2 (open) type and not one corresponding 
to the Sg2(cyclic) mechanism. A comparison of the reactions
TABLE 2.6.
/ /Predicted values of AS and AH for the reaction of 
trimethylamine with methyl iodide in various solvents,
with tetraethyltin in methanol/t-butanol mixtures
Reactants Solvent AS^ AH^
Me0N+MeI
3 H2° +1 -20
Me^N+Mel MeOH -28 — 12
Me^H+Mel Benzene -47 -6.4
Me^N+Mel BunOH -48 -
HgCl0+Et;,Sn X(MeOH)=1 -21.8 14.3
HgCl2+Et^Sn .84 -21 14 . 8
HgCI^+Et^Sn .7 -20 15.2
HgCl0+Et^Sn .5 -23.8 14.3
HgCl2+Stz,Sn .4 -26.6 13.5
HgClQ+Et.SnM X .3 -30.4 12.5
KgCI^+Et^Sn .2 -31.5 12.3
HgCl2+Et^Sn -05 -38.6 10.7
HgCl.+Et,Sn 0
(t-butanol)
-42.2 10.3
Hgl+Et,Sn*T 1 -26.7 13.0
of* tetraethyltin "with mercuric chloride and mercuric iodide
in methanol shows that the activation entropies are -21.8
and -26.7 respectively. Such variation in A i s  comparable
with the corresponding variation for the reactions of Me^N
and Et^N in benzene (Table 2.5) where the entropies of
activation are respectively -47 and -43-
2
The variation of AS with solvent polarity could 
be explained theoretically if one considers entropy of a 
system to have some relationship with its degree of 
disorderness so that an increase in the state of disordernpss 
of a system could be indicative of an increase in entropy.
On the basis of the above proposition, provided one assumes 
an S„2(open) type mechanism, it can be shown why AS becomes
iir “
more largely negative as one moves towards less polar 
solvents:
It is known that the entropy of solution of
electrolytes, AS°, in various solvents becomes more ands
more negative as the solvent becomes less polar (and in 
general lens ordered) .
e.g. Considering lithium chloride and sodium bromide, 
the difference in entropy AS° in different solvents
EtOH MeOH HgO
LiCl -31 -21 0
NaBr -37 -26 0
The entropv change AS° refers to the reaction,s
(LiCl)solid + solvent  ^ Li+Cl (solution)
And the entropy of transfer, AS° to
4. _  +  -
LiCl (HgO) — 4 LiCl (other solvent), i.e.
AS° = AS° (other solvent) - AS° (Ho0)"C S S cl
Then,
+  —
(LiCl) Solid + Ordered (polar) solvent — LiCl, ordered
solution, AS°, small
s  -
The ordered solution could be represented as:
R H 0 -  R
V  'R 0 R H
i (+) A  \<->
0 — — — > Li V~  Ov Cl----H — 0 —* R
h7  t Ni ;
A  > \
h \  R/  0 ~ R
+  —
(LiCl) Solid + Disordered (less polar) solvent -■*— V LiCl, 
ordered solution, AS°; very negative
We could thus consider our reaction system as follows:
Polar solvent:
8 + 6 -
A + B  > A   B
unchanged reactants polar transition state
some order more order
some entropy less entropy
•"• AS^ = neg.
Non-polar solvent:
6 + 6 -
A + B   > A- - —  B
unchanged reactants polar transition state
disorder much more order
some entropy much less entropy
• *• AS s more negative
Reference to Table 2.6 demonstrates a discrepancy in
2
the general pattern assumed by AS , in the solvent region
near the methanol end. From X (Me OH) = 1 up to X(MeOH)
for the reaction of mercuric chloride with tetraethyltin in
2
methanol/t-butanol mixtures, AS increases * giving rise to
a small maximum at X(MeOH) = .7 (see the graph on page 110).
This small maximum is analagous to the expected behaviour
in methanol water system, near the water end (the dotted 
2
line on the AS vs. X(MeOH) graph, page n o  ). Water is
known to have an ordered structure, but one containing many
T271’holes*. Many workers have expressed the belief that 
methanol/water mixtures close to water may be more ordered 
than water itself as the ’holes* become filled up by 
methanol molecules, giving rise to values of AS , larger in 
this region, than in water itself. Such a situation might 
be expected to exist in methanol/t-butanol mixtures near the 
methanol end, accounting for the small maximum there, and 
indicating that the discrepancy observed in this region may 
well be independent of the reaction and purely a consequence 
of the solvent behaviour.
(e) Conclusion
We thus conclude that the reaction of mercuric chloride 
with tetraethyltin in methanol/t-butanol mixtures from 
X(MeOH) = 1 to zero inclusive occurs via S^2(open) mechanism. 
All the evidence poincs to the above conclusion, (i) similarity 
of the relative rates of the reactions of mercuric salts with
tetraethyltin in solvent mixtures, X(MeOH) = 1 (in which 
S^2(open) mechanism had been concluded) to zero inclusive 
(Table 2.3), (ii) the co-solvent effects experienced for the 
reaction (graph on page 103), (iii) the positive kinetic 
salt effect experienced for the reaction in the solvent 
mixtures (the graphs on page 1 0 0 and (iii) the activation 
parameters which could easily be interpreted on the basis 
of an S_,2 (open) mechanism.
For the reaction of mercuric iodide, points (i) 
and (ii) (see the graph on page 10*0 apply. In addition, 
it has been shown (see page 122) that the iodide reaction 
is sribject to a positive salt effect in t-butanol as well 
as in methanol. Hence on the basis of salt effects, 
mechanism S^2(open) could be deduced to operate in methanol 
and t-butanol and consequently it could also be suggested 
that this mechanism is also in force in methanol/t-butanol 
mixtures.
The situation with regard to the reactions of 
mercuric acetate is less clear. Point (i) indicates that 
the mechanism of reaction is probably the same over the 
solvent range used, but does not provide any real basis for 
stating what the actual mechanism is. Point (ii) (graph 
on page 105) indicates that mechanism S^2 (open) could apply, 
but in the absence of any salt effect experiments, it seems 
to be unwise to attempt to specify the mechanism other than 
that if is some sort of S^2 reaction.
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SECTION k - REACTIONS OF MERCURIC SALTS WITH TETRAETHYLTIN IN
t-BUTANOL AT VARIOUS TEMPERATURES
(&) Identification of the reaction between tetraethyltin and 
mercuric-salts in t-butanol
The reaction between tetraethyltin and mercuric 
chloride in t-butanol at %0°C was identified by *product 
analysis5 (see Part 3, Section 2 ) to be the same as that
(271proposed by Johnston in methanol, namely,
k 2 vEt^Sn + HgClg ----  — > Et^SnCl + EtHgCl
The possibility of a subsequent reaction of the type,
Et SnCl + HgCl. ^ > Et^Sn + HgCl
was ruled out as at no time the graph of k^t against t 
appeared as a curve. If the latter reaction were occurring 
then this would have appeared as a curvature in the above- 
mentioned graph, calculated from the second-order rate
1271equation applied to the first, former, equation only. No
such curvature was observed in the corresponding graph for 
the reaction of the acetate either and it was assumed that 
the latter, also, reacted in the similar way as the chloride, 
namely,
Et^Sn + HgCOAc)^ ----- -¥ Et^SnOAc + EtHgOAc
Graphs of k^t against t for all the reactions involving 
mercuric iodide appeared as a curve and the stoichiometry 
put forward by Spalding was assumed In this case, i.e.
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k2EthSn + Hgl2 ----- -— & Et^Snl + EtHgl
K (+) <“)
Et SnI + Hgl_  -------- & Et«Sn + Hgl.
j &......■..3 3
(b ) The rate equation and Its solution
(i) The reaction between tetraalkyltins, in general, 
and mercuric chloride, or mercuric acetate, was expressed as,
k2R^Sn + HgCl2 ---=■-- f R^SnCl + RHgCl
(a -x) (b -x) x xo o
Where a and b were initial concentrations of the tetraalkyltin o o
and mercuric chloride respectively, x was the concentration of 
product after time t and k2 was the rate constant for the 
irreversible second-order bimolecular equation presented 
above.
The overall rate equation was therefore,
= &9(a - x)(b - x)at 2 o o
In its integrated form the equation becomes,
i b (a - x)
k t = -r ■■ i lri * ° ° - 
2 “ Ta - b ^  a (b - x)o o o o
The above was used to calculate the rate constant, in the
case of the chloride and the acetate, in the manner described
in Part 3, Section 6 {<$
(ii) The reaction between mercuric iodide and
f231tetraethyltin was envisaged as, J
k2Hgl2 + Et^Sn - > Et^Snl + EtHgl
(b -x-y)(a -x) (x-y) xo o
Egl„ + Et SnI ;-- ---;>Et,Sn* + ) + Hgl,'-*2 3 v 3 3
( b -x-y)(x-y) (y) y
Where aQ, bQ and x have the same type of meaning as 
in (i) and y is the concentration of Hgl^~^ (or Ei^Sn^ + ^J 
formed after time t. The overall rate equation was therefore,
df = k2 (ao “ x)(bo "X " y)
The solution of the above equation and the manner in which 
it was used to calculate the rate constant has been described 
in Part 3, Section 6(h).
(c) The reaction between tetraethyltin and mercuric chloride 
in t-butanol
(i) The results of kinetic study of the reaction
between tetraethyltin and mercuric chloride in t-butanol at
4-0°C are given in Part 3, Section 7a(ii), Table 3-7- It is
concluded that the reaction was second-order, first-order in
-2 -1tetraethyltin (from 1.25x10 M to 10 M) and first-order
-2 -2in mercuric chloride (from 1.0x10 to 3-5x10 ). It was
found that the reaction was slightly accelerated by the 
products (see Part 3, Section 7a(iii)) so that not very much 
reliance could be put on the kinetic measurement made beyond 
about 60-63% reaction. It was also found that the 
t-butanol used was quite waterless as the addition of only 1% 
of water increased the rate by a factor of about 5 (see 
Section 7(iv) in Part 3)- This was also confirmed by 
examining the water content both in a freshly distilled 
specimen and in an old specimen of the solvent, using the 
method of Karl Fischer (see Part 3, Section 1(a)(ii)).
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The reproducibility of the kinetic method was tested 
by carrying out several reactions under identical conditions, 
at the same initial concentrations of the reactants. The
results are shown in Table 3-6 (Part 3, Section 7a). They
indicate that the accuracy of experiments carried out by this 
method using the same conditions, i.e. the same initial 
concentrations, and the same reaction sample volumes, is at 
least to within _+ 3 -5%X.
Added tetrabutylammonium perchlorate („01M) increased 
the rate constant of the reaction of mercuric chloride with 
tetraethyltin in t-butanol at kO°C from .0173 to .0281 
(see Table 3.11 in Part 3, Section 9). Considering this fact 
together with the fact that the reaction was second order and 
subjected to a strong co-solvent effect, observed on 1% water 
addition, one might conclude, with ease, on the basis of 
Hugh1s and Ingold1s theory for salt and solvent effect 
indicated in the previous section, that mechanism S^2(open) 
is in force for the reaction.
(ii) Reactions of tetraethyltin with merchric chloride
/- owere also carried out at 30 and 60 C. Results are shown in 
Part 3, Section 8 , Tables 3-9 and 3-10. It was not thought 
that a change in temperature would bring in a change in 
mechanism, especially when the Arhenious plot yielded a 
straight line (see Part 3, Section fjc) , and thus the same
X The accuracy estimation refers to the several reactions^ 
carried out employing tetraethyltin in tert-butanol at C 
(Part 3, Section 7). These were some of the experiments 
carried out earlier on in the work; with later experiments the 
accuracy was better improved.
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mechanism as that at 40°C, S^ ,2 (open) was anticipated for the
reaction of mercuric chloride with tetraethyltin in t-butanol
at the other temperatures* Nevertheless, confirmatory
tests were carried out at 30°C. A reference to Table 3*3
indicates that the relative rates for the reactions of the
various mercuric salts and the species Hgl^  ^ with
otetraethyltin in tert-butanol at 30 C are of the same order 
as those, at 25°C, in tert-butanol/methanol mixtures and 
indeed of the same order as those in methanol at 25°C. It 
could thus be inferred that the same mechanism, S^2 (open) , 
which was concluded for the reaction in methanol and 
t-butanol/methanol mixtures, is also in force for the 
reaction in tert-butanol*
The results of the salt effect experiments carried 
out on the reaction of mercuric chloride with tetraethyltin 
in tert-butanol at 30°C are given in Table 3*11, Part 3, 
Section 9- They indicate quite clearly a positive kinetic 
salt effect, which, on the basis of Hughes and Ingold1 s 
theory is good evidence for mechanism S^2 (open). The 
results of the same investigations carried out on the reaction 
of the iodide are shown in Table 3*16, Part 3» Secti r 1 1. 
These, although not very accurate, do indicate a positive 
kinetic salt effect for the reaction of mercuric iodide 
with tetraethyltin in tert-butanol at 30°Cm It is thus 
reasonable to say, quite conclusively, that the latter, too, 
follows S^2(open) mechanism and since the same conclusion 
was arrived at for the iodide reaction in methanol, it
could be confirmed that the reaction of mercuric iodide with 
tetraethyltin follows Sg2(open) mechanism throughout the 
t-butanol/methanol solvent range from X( Me OH) = 1 to zero 
inclusive.
The rate constants for the reactions of mercuric 
chloride with tetraethyltin in t-butanol at 30° and 60°C were 
used to calculate a value for the activation energy of the 
reaction in t-butanol. Other activation parameters were 
also calculated for the reaction as described in Part 3,
Section 17. On the basis of what was described in the
j.
previous section, part (d), a large negative value of AS
obtained here (see Part 3* Section 1 7, Table 3.19) compared
/
to the corresponding value of AS in methanol is indicative 
of mechanism S^2(open) for the reaction of mercuric chloride 
with tetraethyltin in the t-butanol/methanol solvent mixtures 
from X(MeOH) = 1 to zero inclusive.
The value of the rate constant at 30°C together with 
the value obtained for the activation energy were used to 
calculate a theoretical value for the rate constant of the 
reaction of mercuric chloride with tetraethyltin in tert- 
butanol at 25°C. (See part 3j Section 8(c)). This r ^ e  
constant value could be considered in the light of the 
co-solvent effect demonstrated on the graph on pageI03 . 
Reference to this graph shows that as one moves towards the 
more polar solvent methanol the reaction rate increases, 
and as outlined in the previous section, this is in 
correspondence on the basis of Hughes and Ingold * s theory, with
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mechanism of the S^2(open) type. The corresponding graphs 
constructed for the iodide and the acetate reactions, shown 
on pages 104 and 105 , indicate the Sg2(open) mechanism also 
for the reactions of mercuric iodide, and mercuric acetate, 
with tetraethyltin in t-butanol.
It is thus concluded that the reaction of mercuric 
chloride and mercuric iodide with tetraethyltin in tert- 
butanol proceed via Sg2(open) mechanism. All the evidence, 
especially the results of the sait effect experiments, rules 
out the possibility of any S^2(cyclic) mechanism and points 
towards the S„2(open) mechanism; a result which may well
JCi
seem surprising considering the low polarity of solvent 
t-butanol. Dielectric constants of hydrocarbons, which arp 
considered non-polar, generally range from k to 7 or 8; 
t-butanol dielectric constant has been reported to be ~ 11, 
really not all that far from non-polarity; it is surprising 
to see an * ionic1 mechanism operative in a solvent of such 
low polarity.
Ne conclusive statement could be made, unfortunately, 
about the reaction of the acetate as no salt effect 
investigation has been carried out in this case, but 
considering the co-solvent effects here (see the graph on 
page 105 ) and the general similarity of the relative rates 
of the mercuric salts in t-butanol and t-butanol/methanol 
mixtures, it seems possible that the latter, also, proceeds 
via 5^2(open) mechanism.
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SECTION 5 - REACTIONS OF MERCURIC CHLORIDE WITH TETRAALKYLTINS
IN TERT-BUTANOL AT 40°C
(a) Identification of the reactions of mercuric chloride with 
tetraalkyltins in tert-butanol at AO°C.
The tetraalkyltins used were tetramethyl-, tetraethyl-, 
tetra-n-propyl-, tetra-n-butyl, tetraisobutyl- and tetra- 
isopropyl-tin. Analysis of the products (see Part 3,
Section 2) revealed that only the trialkyltin chloride and 
alkylmercuric chloride were present in a completed reaction 
mixture and the reactions of the tetraalkyltins with mercuric 
chloride in tert-butanol were considered to be,
R^Sn + HgCl2 ----- ^ RHgCl + R^SnCl
Where R = Me, Et, n-Pr, n-Bu, iso~Bu and iso-Pr.
(b) Kinetic results
The results of the kinetic studies of the reactions
between tetraalkyltins and mercuric chloride in tert-butanol
at kO°C are shown in Part 3, Section 7b, Table 3*3. It was
shown for tetraethyltin that the reaction was bimolecular,
second-crder, first-order in each reactant (Section 4)^  and
having shown that, it was considered not necessary to perform
F27|
!order runs5 on the other tetraalkyltins (cf, Johnston and 
F23J N
Spalding )„ The second-order rate equation was, in fact, 
strictly obeyed for all the tetraalkyltins used. The 
reactions of the iso-propyl compound was followed for a 
period of nine months (see Part 3* Section 7(b)) and only about
2% reaction could be detected after that time. The value 
of the rate constant in the latter case should be considered 
approximate owing to the limited number of kinetic data 
(see Part 3, Section 7(b), Table 3.8).
(°) Discussion of the kinetic results
The relative rates obtained for the reactions of the
otetraalkyltins in tert-butanol at 40 C are given in Table 2.7 
together with the corresponding relative rates in 85% 
methanol, 96% methanol and absolute methanol obtained by 
Johnston.
The relative rates in tert-butanol constitute the 
reactivity sequence,
Me Et ^>n-Pr^ n - B u ^  iso-Bu^> iso-Pr
Which corresponds to the proposed reactivity sequence, 
by Abraham and Hill^323 (see part 1 , Section 3) Tor the 
S^2 (open) mechanism. Reference to Table 2.7 indicates that
TABLE 2.7.
Relative rates for the reactions of tetraalkyltins, R^Sn. 
with mercuric chloride in methanol/water mixtures, methanol 
and tert-butanol at 40°C.
R = Me Et n-Pr n-Bu iso-Bu iso-Pr
1—
1 
CO
 
Ci
il 85% methanol,
relative rates = 100 0.331 0.0544 0.0476 0.00673 0
1 0
m 96% methanol,
relative rates = 100 0.318 0.0604 0.0563 0.00892 \10
Methanol, 
relative rates = 
t ert-but ano1, 
relative rates =
100
100
0.289
0.150
0.0582
0.0240
0.0552
0.0161
0.00803
0.00347
4 o -6
<3.0-4
the relative rates in tert-butanol are of the same order as
those in methanol and methanol-water mixtures, one might
therefore deduce that probably the same mechanism, S^2(open),
which was established for the reactions in methanol (see
f27lSection 2 ) and methanol/water mixtures, is in force in 
tert-butanol. One does not expect to observe the same order 
of such relative rates for an S^2 (cyclic) mechanism as for 
the Sg2(open) one, on the basis of the different transition 
states involved in the two types of mechanism.
6+ / R
3 f R 
\ /Snr R \Sn.
/  R \
' / '
R' R- /Cl
./
6(-> V T W 4!HgCl2 vHSC\
SE2 (open) S^2 (cyclic)
Considering the two different types of geometry present in
the two transition states one expects to see some change
in the general pattern of the relative rates, had the
mechanism changed from SE2 (open) to SE2 (cyclic) in the less
polar solvent, tert-butanol.
Considering the above facts and also the fact that
mechanism S„2(open) was concluded for the reaction of i/
tetraethyltin in tert-butanol in the previous section, and 
that there is no reason for this mechanism to change on 
moving to other tetraalkyltins, one could propose that the 
reaction of mercuric chloride with tetraalkyltins in 
tert-butanol proceeds via SE2 (open) mechanism.
The steric effect observed in tert-butanol are 
quite large (see Table 2*7), they are in fact the largest 
ones observed to date. Considering the fact that tert- 
butanol is a solvent of very low polarity the above 
observation severely contradicts the Gielen and Nasielski 
postulate (see Part 1 , Section 3) that on moving to a 
poorly polar solvent an SE2 (open) mechanism changes to 
Sg2 (cyclic) and one observes a polar sequence of reactivity.
The reason why the steric effect should be so large 
in tert-butanol might be due to some extra steric interaction 
due to a co-ordinated solvent molecule in the transition state,
R(-)
A > ’x  /
iC S R*
" V ' . ' - V 01
N ci
Such co-ordination of a solvent molecule to the leaving 
group in the transitionsstate has been postulated by Gielen 
and Nasielski^* for the bromodemetallation of tetraalkyltins 
in methanol as solvent. Co-ordination of a solvent molecule 
to the leaving tin atom could result in steric interaction 
between the solvent molecule and the R^ groups in the leaving 
set of atoms in the order,
S = Bu^H^) MeOH^> HgO
Although such steric effects are probably not large (in 
comparison with those between the moving group and the groups
SnR^ and HgCl2), they could account for the slight differences 
in relative rates observed for the various solvents studied 
(see Table 2.7)*
(d) Conclusion
It is concluded that the reactions of mercuric
chloride with tetraalkyltins in tert-butanol proceeds via
mechanism Sg2(open).
Reactions of mercuric iodide with tetraalkyltins were
[23j24t25l
shown to be 3^2(open) by Spalding, ' xn 96% methanol, 
and such mechanism was also deduced for the reactions of 
mercuric iodide with tetraethyliin in methanol and tert- 
butanol on the basis of the salt effect experiments (see 
Sections 3 and 4). It is thus possible to say that most 
probably reactions of mercuric iodide with other tetraalkyltins 
in tert, butanol, also, would proceed via S^2(open) mechanism. 
Although there have been indications that reactions 
of mercuric acetate with tetraethyltin proceed via 3^2(open)£j
mechanism in tert-butanol/methanol solvent mixtures from 
X(MeOH) = 1 to zero (see Sections 3 and 4), it does not 
seem very wise to make any statement about the reactions of 
mercuric acetate with tetraalkyltins in tert-butanol, other 
than that some type of S^2 reaction is in force.
SECTION 6 -. FINAL CONCLUSION AND SUGGESTIONS FOR FURTHER WORK
In view of the evidences given in previous sections, 
especially the salt effect data, it is concluded that the 
reactions of mercuric chloride with tetraalkyltins proceed 
via Sn2 (open) mechanism in methanol/tert-butanol mixturesii
from X(MeOH) = 1 to zero inclusive.
Reactions of mercuric iodide with tetraethyltin, 
in the solvent mixtures from X(MeOH) = 1 to zero, mainly on 
the basis of the positive salt effect experienced in methanol 
and tert-butanol, and the co-solvent effect, we also suggest 
to proceed through S^2 (open) mechanism.
The situation with regard to the reactions of mercuric 
acetate is not so certain. Although the co-solvent effects 
and similarity of the relative rates (see Section 3) indicate 
mechanism S^2(open) for the reactions of mercuric acetate with 
tetraethyltin in tert-butanol/methanol mixtures from X(MeOH) = 
1 to zero, it is not really possible to make a definate choice 
between mechanism S^2 (open) and mechanism S^2 (cyclic).
Further work might be carried out, investigating the 
effect of added inert salt to the reactions involving mercuric 
acetate, to establish the reaction mechanism with certainty.
Some solubility measurements could, also, be done
HgCl2 Et^Sn
to determine the activity coefficients y , y and
, in tert-butanol, in the presence of added tetrabutyl- 
aimaonium perchlorate, to deduce the mechanism of the salt 
effect in tert-butanol (see Part 1, Section 2<i(i)).
¥e expected, in this project, to see mechanism Sxv2( cyclicJdr
in force, employing such a poorly polar solvent as tert-butanol 
(dielectric constant ~11). As this was not found to be the 
case, we suggest some investigations to be carried out in 
less polar solvent such as carbon tetrachloride in which 
mechanism SE2(cyclic), for the reactions, may well be operative,
P A R T 3 
EXPERIMENTAL
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SECTION I - PREPARATION AND PURIFICATION OF MATERIALS
(a) Preparation of Solvents
(i) Methanol was obtained in bulk from Burroughs. It was
distilled in 5 litre batches under an atmosphere of nitrogen. The
first 300 ml. of each distillation was discarded and the fraction
distilling between 64~65°C collected and stored in the dark in
tightly stoppered Winchesters. Such purified methanol; according 
f27l
to Johnston, has a high degree of spectroscopic purity, transmittxn 
more than 99-&% of the ’special for spectroscopy grade1 methanol.
The water content according to Johnston is .056 +. .001 g. per 
100 ml. at 25°C.
(ii) t-Butanol was obtained in bulk from B.D.H. To have it
existing in liquid state, it was kept at a temperature of 35“^0°C
(ni.13. = 25°C) . Any water present was removed by leaving the
t-butanol over calcium oxide (~12-2Q mesh) for 2 days and then
refluxing this t-butanol with a fresh specimen of the calcium oxide
for 2 hours. The t-butanol was then distilled from the calcium
oxide and the fraction boiling at 84-85°C collected and stored in a
2 litre flask stoppered with a calcium chloride tube. An examination
of the water content was done on a freshly distilled specimen of
t-butanol and on a specimen 3 weeks old, using the method of Karl
[07]
Fischer as employed by Johnston to examine the water content of 
methanol. In both cases no water could be detected.
(ill) t-Butanol/methanol mixtures were prepared by weight 
using the methanol and t-butanol prei^ared as above. Table 3-1
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shows the solvent compositions; the weights are for the preparation 
of «*120 ml. of solvent mixture
Table 3.1.
Compositions of the methanol/t-butanol mixtures
Wto Methanol Wt. t-Butanol Mole Fraction Of
g. g. Methanol X.(MeOK)
100 - 1.0
90 10.93 .95
80 20.55 .90
80 26.40 .875
100 43.37 .84
6q 46.25 .75
70 70 .70
45.4 70 .60
30.3 70 .50
CO o 0 o 70 .40
o•Cr\
H
70 .30
8.6 80 .20
4.32 90 .10
1.82 80 .05
1.0 90 .025
(±v) Methanol water mixtures were prepared in the manner
[271employed by Johnston J as follows:
For £>5% methanol, 15% water; 168*32 g# methanol was mixed 
with 37.^3 g. freshly distilled water.
For $6% methanol, k% water; 193.08 g. methanol was mixed 
10.0t- g. freshly distilled water.
(b) Density measurements on solvents and calculation of expansion 
factors
So Ivent densities of the various methanol/t-butanol mixture 
employed were determined using a specific gravity bottle (calibrate 
for volume, at temperatures required) chiefly at 25°C and 40°C, but 
in a few cases at 30°C as well. The expansion factors, required 
to calculate the initial concentrations of reactants for reactions 
carried out at temperatures other than 25°C were also calculated.
In the case of pure methanol and methanoi/water mixtures, these
r2 7]
data were obtained from Johnston. In the case of t-butanol,
densities at 3C°C, tO°C and 50°C were used to plot a graph of
density against temperature and from this graph, which was found to
O s* obe a straight line, densities at 25 0 and 60 C were determined. 
Results are tabulated in Table 3.2.
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Table 3.2.
Densities (D) and expansion factors (E) 
of various solvent mixtures
Methanol/t-butanol mixtures
Solvent
X(MeOH)
D(25) 
g o/mlo
D(30)
g./ml.
D(40)
g./ml.
D(60)
g./cc
E2530 E ?*■? 4-0 60
1 .7866 .7819 .7723 - 1.0060 1.0185 -
o • ✓ .7853 - .7715 - - 1.0184 -
.84 .7 849 - .7711 - - 1.0174 -
.7 .7834 - .7701 - • - 1.0173 -
06 .7829 - .7700 - - 1.0167 ~
.5 .782? - .7698 - - 1.01673 -
mL .7826 .7786 .7696 - 1.0051 1.0169 -
.3 .7825 - .7695 - - 1.0168 -
.2 .7823 - .7688 - - 1.0175 -
.1 .7815 - .7674 - - 1.0184 -
.05 .7813 - .7663 - - 1.0196 -
0
(t-Butl.)
.7804 .7751 .7647 .7432 1.0068 1.0205 1.0500
Metlianol/water mixtures
.91 .7965 .7960 .7870 - I.OO63 1.0121 -
.72 .8377 _ .8284 1.0112 _
(c) Preparation of reactants and products
(i) The mercuric chloride used was B*D,H. (Analar) material 
which was recrystallised three times from methanol* The recry­
stallised solid was dried in a 1 drying pistol1 at 0*5 mm./Hg. 
pressure at the boiling point of acetone* Heating was continued
until the sample was at constant weight*
(ii) Tetraethyltin was prepared by the standard Griguard
[51]method of Van dor Kerk. Final purification of the material was
carried out by fractionation using a vacuum-jacketed column containing
Fenske helices attached to a variable ratio take off head. The
purity of the final compound was checked by gas-liquid chromatography
[27]
using the column and conditions employed by Johnston. The material
was redistilled every 2 or 3 months during the course of this project.
(iii) Tetramethyltin and tetra-n-propyltin were gifts from
Mr. M.J* Iiogarth, and tetraisopropyltin, tetra-n-butyltin, and
[ 2 7 ]
tetraisobutyltin were gifts from Dr* G*F* Johnston. The tetraalkyl­
tins were redistilled before use, and their b.p*s and properties 
are given in Table 3.3.
Table 3.3.
Physical properties of the tetraalkyltins
B.p*(°C/mm*Hg.) Refractive index (°C) 
Found Lit „ ^ Found Lit.
Me^ , 3n 7 7 - 7 8 / 7 6 0 78/760 1 . 43S825 l.t-38625
Et^Sn 60- 60*5/10 65/12 1 . 4 6 S 9 25 1 . 4 6 9 3 s5
Pr^Sn 110/9 113/10 1 . 4 7 1 3 25 1 . 4 7 4 S 25
Bu^Sn 1 4 4 / 9 1 4 5 / 1 1 1 . 4 7 1 9 25
p tr
1 . 4 7 2 7  ^
Bu^Sn 162/16 130/10 1 . 4 7 2 4 25
OCO030H
Prfsn 1 1 2 / 1 3 103/10 1 . 4 8 3 6 25 1 . 485120
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(iv) A sample of recrystallized mercuric iodide was provided 
by Dr, T.R. Spalding.
(v) $8% Pure mercuric acetate was obtained from Hopkln and 
Williams Limited. It was used as supplied.
(vi) Samples of alkylmercuric halides and alkyltin halides were
., * n 027,23] already avaxlaole.
(vii) Tetra-n-butylammonium perchlorate was prepared by adding 
an aqueous solution of perchloric acid (Analar reagent) to an 
aqueous solution of tetra-n-butylammonium hydroxide (B.D.H. reagent); 
the two compounds were used in a 1:1 molar ratio, Tetra-n-butyl- 
ammonium perchlorate precipitated out and was filtered off, washed 
several times with cold water, and recrystallized from 50% aqueous 
methanol r/v). it was then dried in a vacuum oven at a pressure 
of 15 mm.Kg. and temperature of 60°C for ~5 hours. The infra-red 
spectrum of the substance so produced showed no absorption band 
beyond wave number of 3000, indicating absence of water and methanol. 
The salt had a m.p. of 213°C. [Lit. 2 1 3 ° C ^ ]
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SECTION 2 - ANALYSIS OF PRODUCTS
- 2A solution of the tetraalkyltin (1.25 x 10 M) and mercuric 
chloride (1.00 x 10 M) in t-butanol was allowed to stand at 40 C 
for two hours in the case of tetramethyltin and for several weeks in 
the case of the other tetraalkyltins. The reaction mixture was 
then evaporated from a water bath at 40°C using a water pump. In 
the case of tetramethyltin there was left a crystalline white solid 
which was identified as pure methylmercurie chloride (see Table 3*4.). 
In the case of the other tetraaikyltin reaction mixtures, there were 
left ’sticky solids’. In each of these cases the •sticky solid1 
was treated with hexane (5 ml.) and the residual solid filtered off 
through a pre-weighed Gooch crucible. The crucible was dried in a 
desiccator containing paraffin wax at 3 mm.Iig. for several hours and 
then reweighed. The solids were identified as alley lmer curie chlorides 
(see Table 3 .4.) and the percentage yield of these solids, based on 
the initial mercuric chloride used is given in Table 3.4.
Such analysis was not possible in the case of the isobutyl and 
isopropyl reaction mixtures, as in the latter hardly any product had 
been formed and in the former separation of isobutylmercurio chloride 
from tri-isobutyltinchloride [Bu^SnCl] was found impossible.
Table 3.4.
M.P’s and yields of different alkylnercuric chlorides
Alkylmercuric Yield M.p.(°C) M.p.(°C)
chloride % Found Lit.
M e H g C l 8 5 1 6 8 1 6 8 . 5
EtHgCl 55.7 193 190-193^
Fr^HgCI 52.I 143 143 ^
BunHgCl_______ 50.1   127 1 2 7 . 5 ^
SECTION 3 - CONSTRUCTION OF CALIBRATION GRAPH
(a) The spectrophotometric method
The spectrophotometric method used was that designed by 
[27]Johnston. Optical densities of* samples were measured at two
wave lengths, 302 mu, (X ) and 315 mil, using 1 cm. silica cells at 7 1 max 1
o25 C with a Unicam S.P.500 spectrophotometer.
(b) The calibration
A ’calibration solvent* was prepared consisting of* 1 litre
3 o2.5 x 10 M potassium iodide in 96% methanol at 25 C, plus 10 ml.
Q  *-* Zl
of* t-butanol at 40 C. This solvent was used to make 2 x 10 ‘M 
solutions of* mercuric chloride, tetraethyltin, triethyItin chloride 
and ethylmercurie chloride at 25°C. These solutions were used to 
make forty different simulated reaction mixtures such that the final 
volume of solution, in each case, was 20 ml. (see Table 3 * 5 . ) •
Optical densities of each sample at 302-nap, and 315 ^  were 
recorded (see Table 3 « 5 . )  and a graph of optical density against 
mercuric chloride concentration was drawn for each of the two wave 
lengths. In each case a straight line was obtained which did not 
pass through the origin. These lines ivere treated as:
AX = m[HgCl2] + C
XWhere A is the optical density, m the slope of the lines and C the
intercept. The concentration of inorganic mercury, actually present 
Ju)
as HgjLQ1 is given as [HgCl0J.
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The values of m and c are obtained in each case as: 
at 302 B{jt
m = 1 1 8 4 6 * 7 8  
c = .055
at 315 mu,
m = 9 9 8 7 . 8 3  
c = .049
The corresponding values in the calibration constructed
r  271by Johnston are: 
at 301.5 rap,
m = 1.19616 x 104 
c = 0 . 0 4 6
at 315 mil
m = 1.01240 x 10^ 
c = 0.036
In reactions involving methanol/t-butanol mixtures, Johnston*s 
calibration was used for solvent mixtures from X(Me0H) = 1 to 0.8.
Excess of t-butanol produced no change on the calibration as 
it was observed that two kinetic runs involving tetramethyltin and
mercuric chloride, one containing the reactants with initial
-2 -2 concentrations of 10 M and 1.25 x 10 M and the other with
— 2 —2.25 x 10 M and .3 1 x 10 WM, produced identical results, although
_ 3
samples had to be quenched in 20 ml. of 2.5 x 10 M $>6% methanolic 
potassium iodide in the first case, and in 5 e*1« of the quenching 
solution in the second case.
The same calibration constants were assumed to apply for all 
tetraalkyltins employed.
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SECTION k - THERMOSTATING PROCEDURE
All reactions were carried out in a thermostatted oil bath 
at either 25°C, 30°C, 40°C or 6G°C, The type of* bath used was a 
Townson and Mercer type E770 series II which had been fitted with 
a wooden lid. The bath was filled with oil (B,P. Energol JS-A). 
The bath temperature was maintained at 25°C, 40°C, or 60°C ,01 C
measured against N.P,L. calibrated thermometers.
SECTION 5 - PROCEDURE USED IN FOLLOWING A KINETIC RUN
(a) Usual Procedure
Reactant solutions were prepared in 50 ml, graduated flasks
chiefly at 25°C, but in the case of t-butanol at either 30°C or 40°C.
In the latter case the expansion factor was used to convert the volume
to that at 25°C, so that initial concentrations of reactants referred
to were always those at 25°C, The mercuric halide (or I216X* CUT 3L c
acetate) and tetraalkyltin solutions were transferred to a previously
weighed 100 ml. conical flask and a 50 ml, conical flask respectively.
The flasks were then reweighed and placed in a thermostated oil bath
at the temx^erature of the reaction.
After the solutions had attained the bath temperature
(~1 hr.) the reactants were mixed and shaken for a few seconds. The
reaction sero-time was taken as the time of mixing. The 50 ml.
conical flask which had the tetraalkyltin solution was then reweighed
and the weights of the reactant solutions were calculated.
Samples were withdrawn from time to time (the intervals
chosen according to the expected half-life of the reaction) from
- 3the reaction mixture and quenched in a given volume of 2.5 x 10 M
potassium iodide in 96% methanol. This given volume was chosen
so that the concentration of inorganic mercury(II) in the final
-4quench solution was always 1.0 x 10 M at the start of the reaction.
Quenching was done by weight, then converted to volume 
dilutions using the density of the solvent at 25°C and the density 
of 96% methanoiic potassium iodide,
= 0^ ( 96% methanol) 3 •
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Optical densities of each quency sample were then measured at 
25°C, at the two wave lengths of 302 mp, and 315 m[X•
(b) Procedure adopted in the case of salt runs
Half of the amount of salt, chosen to be present in the
reaction mixture, was placed with mercuric chloride in one 50 ml.
graduated flask, and the other half in another 50 ml. graduated
oflash with tetraethyltin. Solutions were then made up at 25 C.
oThe density of each solution at 25 C was found by dividing 
its weight by the volume of the graduated flask. The density 
of the reaction mixture at 25°C was taken as the mean of the two 
solution densities. In the case of t-butanol, and solvent mixtures 
containing a high t-butanol content, solubility of tetrabutyl- 
ammonium perchlorate (the salt) was very small and an ultrasonic 
bath had to be used to dissolve the salt. In the case of 
t-butanol itself the amount of salt used had to be very small and 
the density of the reaction mixture was taken as the density of 
the solvent.
Apart from the above modifications, salt runs were 
treated in exactly the same way as 1usual runs1 described in (a)t
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SECTION 6 - CALCULATION OF RESULTS
(a) Reactions involving mercuric chloride or mercuric acetate
The reaction between tetraalkyltins and mercuric chloride 
(or mercuric acetate) is considered to bet
k 2R^Sn + HgCl2  R^SrnCl + RHgCl.
If initial concentrations of R^Sn and HgCl (or HgAC ) are 
respectively aQ and b^, and x is the concentration of products 
formed after a time t, the rate equation is:
■if = V ao - x)(bo ~ *>»
Where is second order rate constant.
In its integrated form the equation becomes:
- -b / a \
k t = -7    f— o 1
*2 ” (a - b ) ^ Lr T t T “  x)J 0 0  0 0
For reactions at 25°C no corrections for solvent esqoansion had to be
applied to equation 3.1. For reactions at other temperatures
the values of a and b outside the logarithmic term were correctedo o
for solvent expansion between 23°C and the temxaerature of the 
reaction (see Table 3o2„). For terms inside the logarithmic 
expression, expansion factors cancel out. The initial concentra­
tions of reactants at 25°C in moles per litre were calculated from 
expressions of the form:-
a = ^ R4Sn 1000 wt. of solution cf RhSn
° M *¥ * of R4Sn Vo1- °£ flask X total wt - ^reaction
mixture
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An exactly equivalent expression, in terms of the mercuric salt,
owas used to calculate b at 25 C. The concentration of inorganico °
mercury(II) in the reaction mixture at any time (bQ~x) could be 
obtained from the result of absorption measurements on the quenched 
solution resulting from the sample withdrawn from the reaction 
mixture at that time (see Section 5(a)):
% A^ *~ C vol. of quench solution(b —  x ) =  . in . x  i. I — i. 1 1 . ..i. i...... ......  . i. . .
o m vol. of reaction sample
"Where A is the observed optical density, and C and m are the
constants determined in the calibration procedure (Section 3)#
Volumes were calculated as follows:
 ^ , , . wt. of potassium iodidevolume ox quencn solutxon = — ---------    —  ■  ..-------+
(density of potassium iodide sol.)  ^
wt. of reaction sample ____
(density of reaction sample) 25
Volume of reaction sample = -------
(density of reaction sample)
It was assumed that densities of reaction samples were equal to 
the density of the solvent. The fIGE solution* refers to the 
usual, quench solution of 2.5 x 10 “*M potassium iodide in 96% 
methanol.
From the known values of a , b , and (b -x) values ofo’ o’ o
(a -x) were calculated, and then ecuation 3*1. used to calcitlate o
values of k .
A programme was written for use on an ICL I905F computer, 
to calculate the values of kQt and k0 of equation 3 .1 . The 
programme is shown on page 150 • The value of kg for each
0 ' SEND TO’ <ED, SEMI COMPYL ED ' . ZZZ2 )
0 ' L I BRARY* ( ED, SUBGROUPF03A. SUBROUTI NES)
0 ' PROGRAM'  (C.10B)
0 ' B E G I N '
1 ' PROCEDURE 1 I NSTRI NG( A , M)  ; 1 INTEG-ER 1 ' ARRAY’ A? 1 I NTEGER ' M? ' E
4 1 PROCEDURE' OUTSTRI NG( Ar M) S ' I N T E G E R ' ' A R.R A Y ' A ; ' I NTEGER' MJ '
8 ' R E A L '  AO, BO, EXPAND!
9 ' I N T E GE R '  J , K , L , N , T , ’
10 ' I N T E GE R * ' ARRAY* T I TLE CO: 2 0 ] ;
11 SELECT INPUT ( 3 ) ;
13 AGAI N' PAPERTHROW;
14 T : = 0 ?  i N S T R l M G ( T I T L E r T )  ,*
1 6 N : c R E A D;
17 ' B E G I N '  ' ARRAY'  A C1 : 4 , 1 : N ] , B C 2 : 3 , 1 : 2 3 , C C 1 : 1 0  3;
17 ' F OR '  J:«=1 ' STEP*  1 ' U N T I L '  4 ' DO'
19 ' F OR '  K • 3 1 ' S T E P 1 1 ' U N T I L '  N ' DO'  -
20 ’ BEGI N'  A L’ J , K J : = R E A D ;
22 : - ' END 1 ;
23 AOr =READ;  BO : aREAD # EXPANDr aREAD;
26 B [ 2 , 1 ) : 3 1 1 8 4 6 . 7 8 ;  .......
27 B C 2 r 2 3 : n 0 . 0 5 5  ;
28 B C3 r 1 ) ; *=9987.  3 3 ;
29 B C 3 r 2 ] :  3 0 . 0 4 9  ?
30 T : = 0 ? O U T S T R I N G ( T I T L E # T ) I
32 A 0 » = A 0 /  E X P A N D ,*
33 ......  B 0 • s B 0 / E X P A N D;
34 J j b -2 5
35
35
36 
36
36
37 ' FOR*  K : =1 ' S T E P '  1 ' U N T I L '  N ' DO'
38 ' B E G I N '  C C 2 3 : 3 ( A [ J , K3- B C J , 2 3 ) * A U , K3 / < B C J , 1 ] * EXPAND) ;
40 C [ 1 ] j = A O ~ B O + C [ 2 ] ;
41 C C 3 ] ! = L N ( A 0 / C C 1 3 ) ;
42 CC4)  : a L N ( B 0 / C C 2 ‘J)  ;
43 Cl I5 3 ! a L N < < c £ l 3 * B O ) / < C C 2 3 * A O ) ) / ( A O - B O > ;
44 ’ I F ’ ( 2 * C C 2 3 - B 0 ) ' L E ’ O 1 THEN ’ CC61 : * 0
44..............  ’ ELSE* CC63 : 3 I N <<A O * ( 2 * C [ 2 ] - B O ) ) / ( B 0 * C m ) ) / ( B 0 - 2 * A O ) ;
45 -  ' FOR* L : =3 ' S T E P '  1 ' U N T I L '  6 ' DO'  C[ L  + 4*J : s C [ L ] / A M  , K ]  ;
47 PRI,NT ( AC1 , K]  , 5  , 2 )  ;
48 ' FOR'  L : « 1  ' S T E P '  1 ' U N T I L '  10 ' DO'
49 ' B E G I N '  1 I F ' L ^ ' T H E N ' ' B E G I N ' ' I F ' CC6 ) 3 0 ' THEN' UR I TETE
51 ) ' )  ' E L S E '  PRI NT( CC6 3 , 4 , 1 ) ; ' GOTO' 12 * END'
53 ' i  F ' L = 1 0 ' AND' C C1 0 ] a 0 ' THEN’ ' G0 T0 ’ L 2 ;
54 p r i n t ( cCi . 3 3 r 4> .
' 55 .... 1.2: 1 END'  ? NEWL I NE ( 1 )  ' END ' * ~
57 ’ I F ' J = 2  ' THEN'
57 ' BEGI N*  J : = 3 ;
59 ’ GOTO'  L1 1 END'
59 ' END'.;  ■   ■
60 ' GOTO’ AGAIN 1 END1 ?
b u c k e t s  u s e d  1.4 ........... ............
ED #C1OB EC
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kinetic run was obtained by plotting a graph of* k^t against t 
and obtaining the slope of the line,,
The calculation of* for a run carried out in the
methanol/t-butanol mixture of X(IleOK) = .% at 40°C is given as
an example „
Ilinetic Run E12% Solvent, X(MeOH) .= .4 Temperature = %Q°C
^  before mixing = .025060
[HgCl^]^^ before mixing = .020007
¥t. of Et^Sn solution used = 38.7%96 g*
¥t. of HgCl2 solution used = 39*0702 g.
Wt. of reaction mixture = 77*8198 g.
[Stj,Sn]^ in reaction mixture, i.e. aQ = .Q12%78 M 
[HgCl0] ^  in reaction mixture, i.e. b = .0100%5 M
Cm  O
The computer data, computed results and graph of kpt 
against t are shown on pages 152-15% , respectively.
(b) Reactions in involving mercuric iodide
The reaction between mercuric iodide and tetraethyltin 
was envisaged as:
kp
Hglp + Et^Sn  ^E^Snl + StHgl ..............  3.2.
• Hglg + EtgSnX <g _ A _ > Et3Sn('H) + HgX (-)  ......... 3.3.
(b^-x-y) (x-y) (y) (y)
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COMPUTER DATA FOR KINETIC RUN E12%
£ EX2% ?
15
%9 96 170 220 295 381 %62 508 560 600 650 695 
737 779 81%
1.115 *972 .885 .812 .717 .622 .572 .533 .%97 *%7X 
.%5% ,%3% .%%9 .%0l .382
.950 .829 *750 .681 .607 .522 .%80 .%51 .%2Q .397
.383 .366 .379 .339 .321
99.5123 106.2258 99.6792 101.0175 102.6838 10%.%89%
100.7368 lQo.%815 102.2177 109.3365 100.6080 100.21%%
9^ .979/-, 100.8901 102. %037
.012478
.0100%5
1.01689
£ ?
j i j ! j
Milil]
j|j
|!isil
i:|i
-;i!l
! i i I j
■ J;i;i
illllf
i;i|
§
Hill
;!il
!!!
Mi!i!
i't
00 -*0 :Sl O' Os 
' ir *  "Nj W  P  W
p Vl O• m y.m m m
© o o o o 
P  ©  ©  o.o
Mil
j!li
j i p  © p  O  ©
jliv i!r * 'i?Ip o;o o o
l![<0 O O O © ijivn vni.vn vn vn ilr-» w vn vn >•
111! i'iil!
:hll h!
o vn \n :ip* m  rv rv -» ; : i oao^co'O ro-M'OljN o o co rv -» vn o o o p
o o © © o o 
© © © © © ©
:!i|l
© © o © © O o p
© © o p  o p  o, o © © />.
o o © © o © o p  o o © © 
O Os <> O' ">! Co
CN w o
.iil!
o  o  ©  ©  
o O -* i—* OO P  ©.:i-» 
w O- rv
iO o p  O
Iii!i -ill©  O P  ©  ©  O i O  O  P  ©  ©
p  o o  O' 
p  o p  O o
! IV IV VN Lri W  !*>j sOii-*, -» m
I!; I '
I
\\\W\\IMI: I ! •' ■! 11 1 ’ 1 '
!;! 1:0 P I P  O O
plipoo 00 oo -v -v 
ijpiiSi t* © p -I-s 0s Oo o ‘liij-* vn 04 N vi
o o o ©  w m  
">1 "'J
o p
■
O OP P JV4N 
0-0
O O  o p  O P  O P
© © © ©  © © © O
■jNiljN -fr. v /l o  O  CO 00
iv in >o o w P rv co
I !l
'M'S 
. 3>
I, <: m 
' ,-r- 
~i m
3  CD m —i
" zc.
" <  
>  
r~
c: 
3> m0
1 ii X'-'Pw
|vn
v^'i!CoH!
?IX|iW»:!
i!
i l l
o O © © O O X
ui>wrv -» o ro rv is co vn oo 
vn w o o -* Po UIMVJOU)
r» -»PP o o p  o o o o o o
JV IV) -* -»!o 'OP CDOtiMWTW-*-1
oowovn'Po-vvnwoo vnoP-*-»WWOW'ON-*NOoOW-*-*IV
vnwT^oooo Poooorvo->JW4N
SlO T T  W-* -» P V M VnP W ro P o o vn os‘-^ vn o; -V TVT*• • m m m | • m <m
U i O M M ' v I N  W  W  - *  T-| •*» - »  O  OT'WP-VOP o w  CO-* vn CO
o n  oo-» p | N ' V - * r v ' V w w o  
vn -v o o  Co o rv o  w o  -v oo o
i ii l; O O T  
, Ts vn 
• • ■ 
ii;r-» o o
OjP ::'l! 
» ■ XOo vn rv w oo * P W H O |P
X-* -» rv 
oo o x * • * P rv ;
o o o o o o o o o o o o o o o
o o o o o o o o o o o o oo o o o o o o o o o o o o
rv iv m  rv w r't  o o
O O X O o
-Jk  A ^
O oo
oo pi -m o o o vn vn t- m  rv rv -*-» rv in P vn o o © ooop m m:4s ;jp Nutoooflow-* vn o o
» ; t • ' • ■ . • m m m • m •
o P © 0  © © © © © © © © ©0 0 0 0 0 0 0 0  0 0  0 0 0
!i
ir:i
P -H • ,*-« 
0 3 o m
<m
m
O
<
>
o p 0 0 O O O O O O o p  0,0 O n C
* ‘.'I* ■ . 1■ • I*. • .i':« • i1 fTlO O O O  O © O O  O O  o o o o o o 
O O O O O O O O O O O O  O —a -». »vn vn vnvnvno0'OO*'V00C»Po-aX 1 
N W U 1U)NM->0'N W O N  W VI-1 ^
:|i!l -i nil ii ' ^ ;.:j ■ wIi :i!i .ii : ;i!|i :. j! • 0- Mi ';li il.il : !i! ! -h i rv;>:.i
O jP o p O O 0 : 0 o p  0 © O p O n
■ -llV " :i;>* •  ,!;* •  -,!<• •  • ■ j-m • [» • 0 3
O O O O O O ©ip O O P P  O O O oO p  0 0  0 0  0 0  0 0 0 0 0 0 0 1  rv rv w in in'in in s* T' vn o Os co co x00 P —* rv w 00 00 rv w P o» lm p  -* 00 ^
op 0 0 0  o 0 0  o o 0 0  0 0  o x
bo oo 00 >u -v os o o 0 vn oa rv -* o 5* <>> oPOC»P-»o—»rvOsicnvnP * 
W-^W^IVN-^-^IVNnJP-^NVnH P w Os rv 00 P vn P Os W vn P P |
XI
0 0 0  0 0 0 0 o © o:
rv rv> -» —* O P P 00 00 a» Vl> W N -» r»- |;: ;| 
(MV»W14NOOO^*SWP(MNO*ONW Y 'oc os os rv os -* 00 p Os -v os rv m  o o «- ' ’ '
O|s>0 O N 00WlWWTOWUirViaH
os r« r* ui-»-*PP»vnT'V*i-»-* ;
00 o 00 ui ui M n  O' in vn -si w r. n o• • • « « * • m •’» • « «,• m
OoPowvnT-vnoo t>o 00 o rv) o wi rv 
03WrViW'OOoOo,TWT:WNOO-» * -^o-» vn-»ooO'v)-»v/irviO'siwr‘-i 
o  vncoo vnW Pvn- \ |PTs  W'Vi'sj T
sill
-*  Xo cms ro -* ro"M rv Ts O -* X y
• * • * * t-
^  P  O  O  H i
© p  O O O O O O  0 0  O O O O O• • • • • • t • » * a a a a
O O O O O O O O O O O O O ©  o x  . .
o o o o o o o o o o o o o o o - »  Y— »—a. —A _» _Jk _Jk !\l >»
IV) rv rv w  r -  T
rv  
vn n  O' o
m
rv
O O O O O O O O O O O O O O O © O O O O O O O O O O O O O ©
O O O O O O O O O O O O O O O X© O O O O O O O O O O O O O ©ivrvrvirvoo
O 0 ' 0 ' N N ( > N N 0 0 P P - * - * O W
O O O O O O O O O O O O O O O X
O O O O O O O O O O O O O O O - *ivrvrvrvoo
<h0'0'0'N 0' M N 0000PO-*-*vn
O O O O O O O O O O O O O O O
rv rv rv rv rv -» rv -» rv rv —* rcrv-»-»x -*oo-*-*PoPooPoo*MPrv ooorv-*orv-M-*vnowoovnvn 
''lOUlNlsPNUiPCoO'NViTO'
0 000 00 0 0 0 0 0 000 0. i• '• • • « « a a a a a • • 'a •
rvIVrv rvrv -*rv rv -*—a TV—aIV X0 0 0 0 0 P 0 p 0 P P p 0 00-» rv-V Os0 p 00 0 Os 0 rv OsO vn—a 0vn Os P —*vn 00Ts -V W P —sOsO rvvn
of k%b Vi t  fo r reaction  
of the k in e tic  ru n , £ 1 2 ^ *
170
150
130
110
90
70
50
30
1 0
200 300 400 500 600 700 800ioo
- 155 -
Where a = The initial concentration of tetraethyltin, o
b = The initial concentration of mercuric iodide, o
x = The concentration of ethyImercurie iodide formed 
after time t,
{+)
y = The concentration of (or Et^Sn ) formed
after time t.
Considering 3.2., the rate equation can be written as:
I f  = k2(ao - x)(bo - x -  y>
From 3.3., K =    ....5.4.
Substituting a value for y from into the rate equation
one obtains the rate eauation in terms of a , b , x, K and k0.o’ o’ ’ 2
The rate equation was then integrated by computer using
f27]numerical analysis. The programme used is shown on
page 156 . This programme was written in Algol, for use on 
Elliott 503 computer and was translated for use on an 
XCL I9C5E computer.
Different values of equilibrium constant K were used to 
find the most suitable value for producing the best straight 
line graph of k0t against t. An equilibrium constant value 
of 5 u-as generally found to be the right one for this purpose.
The calculation of kg for a run carried out in methanol, 
Hglg reacting with Et^Sn at 25°C, is given as an example.
LONGBATCH
JOB C055,FMPT,HOGARTH
VOLUME 5000
IN ED(PROGRAM DISC)
LOAD 7/GALE 
IN TRO(SOURCE)
ENTER 2
AT HALTED El, RESUME 
AT DELETED El,GOTO 8GAA 
AT HALTED EC, END.
AT HALTED ZZ, END.
DISPLAY 1ABANDONED1 •
RESUME 28 
END
8GA^ IN ED(PROGRAM GPCL)
LOAD //GPCL 
RESUME '
IN CRO(NEXT)
EN'pER
AT TIME 600,GOTO BGTI 
AT 1 OTHER HALTED,GOTO 8GA8 
AT.FAIL,END '
8GA8 DISPLAY ‘END OF RUN1
RESUME 29
END
8GT1 DISPLAY ‘TIME UP‘
RESUME 29 
END •
* *
DOC SOURCE
‘SENDTO»(ED,SEMICOMPILED,.XYZAB)
1LIBRARY'(ED,SUBGR0UPE03A.SUBROUTINES) 
‘COMMENT1 i
• M.J.HOGARTH i
■CALCULATION OF THE RATE CONSTANT 
OA.005.001.002: '
‘PROGRAM*(C055)
'INPUT‘1-CRO 
‘INPUT‘2--CR0 '
1INPUT‘A-CRO 
‘OUTPUT* 1 =-TP 0 
‘OUTPUT*2=TP0 
‘OUTPUT*A-LPO 
‘TRACE* 2
* begin * 'integer *ICTGSI,ICTI,ICTLSI,ICTN 
‘real‘ICTOX,ICTOY,scabsc,scordi,det; 
‘integer*‘array*ICT[l:60];
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(continued)
ring(A,m ); 1ihtegepro c e clur e 1 o u t s1 array
Boole?
procedui
real
integer11 array1A;1 
array'A;'algol';
procedure 'tall(n, a); 1 integer1 ’array1 a; 'integer 'n; ’external'
'array* TIME^diljdenlh :25l ,x [0:25 J; ^
1 real ’ a25, b25, bx25, aAO, b'AO, c, e, expand,K2T,K2,kA0,y, u, v, w, u2;
1 integer ' n, rrj, i, 1, j, EOF,t;
1 integer11 array' title 10:20*];
'switch' .s:=tL1 ,L2,-L3,L'4,L5;
'real1'procedure1 F(y);
'real'y; I
'beginlF:=v/(a^O-y)/(w-v*y+sqrt (u2-u*y*(bAO~y)))
'end.';
'comment' insert procedure integral and error;
i '
'boolean* 'procedure' error(p,q>n);
'value' p,q,n;
»real'p,q;
* integer'n;
'begin* 'real'r;
'integer'i, j;
' sv/itch* s:=zero;
'comment' if p and q are equal,correct to n significant fi 
'true' otherwise 'false';
'if p-0.0 'then'
'begin* 'if q-0.0 'then'
'begin' error:-'true';
'goto' zero'end'
'else'
'begin* p:=q;
q :=0.0
'end'
1 end'; 
p:=abs fp); 
q:=abs(q);
'if' p>1.0 'then' r:=0.1
'else' r:=10.0;
i:=j:=0;
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(continued)
ICT[3 ]:=-1 :XCT[5 ]:= 4 ;XCT[6 1:=00 ; writetext (' ( "  ('8s« ) "  )1)'; 
rprint( den[j1,XCT,ICT0X,XCTOY);
XCT[5' ]:= 3 ;XCT[6 ]:= i| ; writetext ('("('9s')’')') 
rprint( dll [ j ],ICT,I(:TOX,XCTOY);
ICTL5 ]:=00 ;IC?[6 |:=6 ; writetext (1 (11('8s')1')1); 
rprint( ((den[;j ]-c)*dil [ j 1/e),XCT, ICTOX, XCTOY); '
writetext ('( 1 1 ('5s1)'')'); 
rprint(K2T,XCT,ICTOX,XCTOY); 
writetext (1 (1 1 (’5s ' )' 1)1); 
rprint(K2,XCT,XCTbx,XCTOY);
'for'XCTI:==1 'atep'i 'until '20'do'ICT(lCTl] :.=ICT[lCTI+20] :=XCT[lCTI+to1;
L5: i:=j-1 ■
f end1;
'if'ICT[^ l3]//-1 'and !XCT[3] =-1 'then'newline (1 ): writetext ( ('c')" 
'for'ICTI:=1 'step'1 'until '20'do 'XCT[XCTl] :=ICT[ICTI+20] :=ICTLXCTHXlO];
'goto' s [HOF]; .
L'l: 'end';
* • 
feVIITCH
157 -
Kinetic Run E40. Solvent, Methanol, Temperature 25°C« K = 5 
[Et^Sn]^^ before mixing = .025017
otr
[Hgl0] before mixing = *02000
Wt. of Et^Sn solution used = 39*3833 g«
¥t. of Hglg solution used = 39*54-79 g*
¥t. of reaction mixture = 78.9312 g.
2 5[St.Sn] in reaction mixture, i.e. a = .012482 M
t: O
25[Hgl ]  ^ in reaction mixture, i.e. b = .010021 M.
O
The computer data, computed rsults and graph of k t against t 
are shown on pages 158-160, respectively.
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COMPUTER DATA FOR KINETIC RUN E. _40
.012482 .010021 15 5.0
30 101.7231
60 96.3549
90 100.6340
120 101.9955
154 103.0291
180 105.1770
210 100.0588
240 106.4407
276 102.5095
331 103.2959
4-50 103.7819
480 105.7586
510 108.0631
540 IOI.OO53
586 97.6632
1.144 1.164 1.063 1.020 .964 .922 .934 .860
.818 .752 .724 .700 .735 .754
2
.982 .990 .913 .864 .822 .784 .798 .728 .724
.693 .632 .614 .592 .627 .640
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SECTION 7 - REACTION OF MERCURIC CHLORIDE WITH
TETRAALEYLTINS IN t-BUTANOL
(a) Reaction with tetraethyltin
(i) An accurate value oT the rate constant was round 
by carrying out seven runs using the same concentration of 
reactants. The results are shown in Table 3.6.
Table 3.6.
Rate constant determination for reaction of 
HgClg with Et^Sn in t-butanol at 40°C
Run No. a x 10~2M o b x 10“2M 0
-1 -1k21 .mo1 .min
E 21
1.2561 1.0050 .0183
E 22
1.2526 1.0060 .0187
TJ\
^23
1.2472 1.0038 .0179
T?
"24
1.2485 1.0016 .0180
E25
1.2464 .99590 .0177
B 26
1.3261 1.0012 .0151
E27
I.2892 .99830 .0154
k2 = .0173 + .0007 X.moler1 min.
The standard deviation was calculated as:
f *yl-
r  14 CW 3 ;
i 1 n r
! ')
.[27]
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Nhere 6~. = standard error in the rate constant,i ’
k.. = mean rate constant at temperature T^, 
kg = a rate constant.
(ii) The constancy of the rate constant was tested by 
carrying out two series of runs, one in which tetraethyltin 
concentrations are varied and mercuric chloride concentrations 
kept constant and in the second series keeping the former 
constant and varying the latter. Results are shown in 
Table 3.7.
Table 3.7.
Reaction between HgClg and B t S n  
in t“butanol at 40°C
[HSC10]C+s Constant
Run No. a x 10“2M o b x 1 0 "2M 0
-1 -7 
kg l.mole. min.
"23
1.2472 I.OO38 .0179
EpQ 4.0084 .99640 .0179
T?
"29 4.0011 .99138 .0184
cle6 5.0287 .9960 .01? 4
S, n 10 7.0237 .9939 .0183
E12 10.0465 . 9886 .0213
[Et^Sn] Constant
Ep a0 4.0084 .99640 .0179
E_ _ 
±9 3.9299
1.4944 .0175
s,r,
10 4.0047 2.0067 .0197
E17 3.9H7
2.5038 .0150
B 16 3.9779 3.5193 .020
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(iii) The effect of products on rate of reaction was
-2tested by carrying out two runs, one in which 10 M of EtKgCl
-2was added to the reaction mixture and the other in which 10 M
of Et„SnCl was added; the reactant concentrations, a and b 
3 o o
-2 -2 being, respectively, 1.25 x 10 M and 1.0 x 10 M. The
results are as follows:
Run E ; 10"2M Et^SnCl added; k2 = .0207
Run E^g ; 10“2M EtHgCl added; k2 = .0218
(iv) Effect of water on the reaction was tested by
carrying out a reaction in t-butanol plus 1% of water added
(freshly distilled). The following result was obtained,
using as solvent 99 g. t-butanol and 1 g. water;
Run E_„ 99% t-butanol 1% water, a =1.25 x 1Q*2M, b = 1 0
37 o 7 o
k2 = .08
(v) Reactivity of Hgl^^  ^ in t-butanol was tested by
-2carrying out a run in which 1.25 x 10 M tetraethyltin was
set to react with 10 M Hgl^ (made by addition of 1.25 x 10 ''M
sodium iodide to 10 mercuric iodide) at 40°C. No reaction 
was detected.
(b) Reaction with other tetraallryltins
Reactions of mercuric chloride were carried out, in t- 
•butrnial at 40°C, with tetramethyl-,tetra-n-propyl-,tetra-n~ 
butyl-, tetraisobutyl-, and tetraisobutyl-, and tetraisopropyl- 
tin. In the two latter cases, reaction mixtures were made in
- Ib4 -
sealed capsules (sealed under nitr ogen) as the half--lines of
the reactions were expected to be very long. Results are
shown in Table 3.8.
Table 3.8. 
Reactions of* mercuric chloride with
tetraethyltin in t-butanol at 40°C
Tetraniethyltin, Me. Sm
; < *
■ Run No . a x 10~2M b x 10“2M o o
“1 -1 kg X ..moX e. min. Mean kp
o .63262 .51154 11.54
to
M
3
.62436 .50145 11.97 11.52
M K4 .62530 .50139 11.05
n
Tetra-n-propyltin, P Sn
4
P,2 1.27619 1.02239 .002
p 25
3
1.27493 1.02429 .00276 .00276
P4 1.27441 1.02499 .00278
Tetra-n-butyltin , Bu^Sn
nBu., 1.2710 1.02361 .00183
nBu^ 1.2734-5 1.02276 .00190
nBu^32 1.27447 1.02370 .00190 .00186
NBu^ , 1.271061 1.02383 .00182
Tetraisobutyltin _ i_, Bu.Sn£
lBux 1.26814 1.02747 .0004
XBu0 1.27343 1.02118 .0004 4 s
Tetraisobutyltin
*5
, BuTSn
*“i s p.JL 1.2779 1.02194 2 x 10“”5 10-5
K, sos - See next page
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S£ Graph of* k t vs . t for the reaction is shown on the 
foilowing page.
30**
" The following shows details of the run:
t (rain.) (a -x) 0 (b ~x)0 k t£j
0 .012779 .0102194 0
15678 .012779 .0102194 0
29988 .0124 .OO99 .7486
123710 .0122 .0097 2.3812
312
288
264
240
216
192
168
144
120
Gr^pK of VS, tr, for the
reaction of mer*uHc chloride 
wtfh XctrtantXhyX tin In
k - b u t ' X . i x o l  J + 0 0 & %
96
1612 20 24 28
Q JU
KD CMto
40
00
 
80
00
 
12
00
0 
16
00
0 
20
00
0 
24
00
0 
28
00
0 
32
00
0 
36
00
0 
40
00
0 
44
00
0 
48
00
0 
52
00
0
vm,
©®
x, o  o  o  o  . o  o  o  o
j2» 09 . . ■ h  <0 If) ^  W  N  ^
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SECTION 8 - REACTIONS OF MERCURIC CHLORIDE WITH
TETRAETHYLTIN IN t-BUTANOL AT 3Q°C AND 60°C
(a) Reaction at 3Q°C
Three kinetic runs were carried out in t-butanol at 
30°C to determine the rate constant. Results are shown In 
Table 3*9*
Table 3.9.
Reactions of* mercuric chloride with
otetraethyltin in t-butanol at 30 0
Run No. a x 10”2M o b x 1 Q “2M 0
m*.
^2
15 r\78 1.25395 1.0072 . 0095
E
79 1.25583
1.0068 .0092
t !
m CO o 1.25069 1.0091 .0091
Mean = .0093 l.molel1 . -1 'm m .
Reaction at 6o°c
Two kinetic runs were carried out to determine the 
rate constant at this temperature. Pipettes were kept at 
temperature of 60°C for sample withdrawal from the reaction 
mixture and results are shown in Table 3 .
- 170 -
Table 3.10.
Reaction of mercuric chloride with 
tetraethyltin in t-butanol at 60°C
, ~-2 -2 -1 -1Run No* a x 10 M b x 10 M k0 l.mol. min.0 0 2
E8l 1*25203 1*01133 .0484
E83 1*25151
1*01172 .0467
-1 -1 
Mean lcn = *0475 l.mol. min.Cu
(c) The Arhenious plot for reactions in t-butanol
Using rate constant values for reactions of mercuric
chloride in t-butanol at 3 0, 40 and 60°C, a graph of log(kg)
atainst X / ^ o w a s  plotted* The graph was found to be
a straight line* By extrapolation of the line a value for
othe rate constant of the reaction in t-butanol at 25 C was
jLestimated* This was found to be *0065 l*molI min7
— 1 -1The rate constants used were (in X.mole min, ) 
0*0093 ±  0.0002 at 30°C
0*0173 +. 0*0007 at 4Q°C
0.0475 ±  0*0009 at 60°C
Using the values at 30°C and 60°C, a value for the 
activation energy for the reaction of mercuric chloride with 
tetraethyltin in t-butanol was calculated as:
B = IO9O9 + I90 cal mole  ^a
AH^ = 10317 + 190 cal mole"1
298 “
- 171
-iLFrom the value of IO9O9 cal mole for E , together withs
** i
k. = 0,0093 at 30°, a value of kQ = 0,0069 l.mole “‘"rain, was2 «
Ofound for the rate constant at 25 0,
I
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SECTION 9 - EFFECT OF ADDED SALT ON REACTIONS
OF MERCURIC CHLORIDE WITH TETRAETHYLTIN IN t~BUTANOL
Effect of* added tetrabutylammonium perchlorate on
the reaction of* mercuric chloride with tetrae thy It in in
t-butanol was considered briefly at 4Q°C and more fully at 
o30 C in the manner described in Section 5.
Table 3*11*
Effect of added salt on reaction of 
mercuric chloride with tetraethyitin in t-butanol
4o°c
Run No, a x 10”2M 
0
b x 10”2M 0 Salt Cone.M
-1 -1 ' kg l.mole min.
21-26
- - 0 .0173
E_ _ 30 1.2555 .9924 .01 .0281
30°C
r\
“ 113 1.18351 1.06829 0 ,0105
En k 1.2(1588 1.013885 .0025 ,0117
E
115
1.25144 1.01184 .00 5 .0136
Bll6 1.25574 1.01017 .0075 .0153
117 1.24998 1.01465 .01 .017
5£Average of kg obtained from 7 kinetic runs (See Section 7)
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SECTION 10 - REACTIONS OF I@RCI3R.IC ACETATE AND
MERCURIC IODIDE WITH TETRAETHYLTIN IN t-BUTANOL AT 30°C
These reactions were carried out in the manner 
described in Section 5- In the case of mercuric iodide, 
concentration of the reactant had to be much reduced and even 
then an ultrasonic bath was used to overcome insolubility.
The value of the equilibrium constant used, in the latter case, 
to obtain the best straight line graph of kgt against t was 
5 (see Section 6(b)). Results are as follows:-
For mercuric acetate:
a =: 1,24691 x 10~2M • b = 1.0067 ss 10~2M k0 ^ .90 i.mol'"1min"1o o 2
For mercuric iodide, K = 5:
a = 1.25192 x 10“2M b = .0012614 x 10“2M k0= . 0026 3. mo 1 ~imin 1o o 2
- 174 -
SECTION 11 - EFFECT OF ADDED SALT ON REACTICN OF
MERCURIC IODIDE WITH TETRAETHYLTIN IN t-BUTANOL 3Q°C
Two kinetic runs were carried out to find the effect of*
added tetrabutylammonium perchlorate on the rate of the reaction
oof mercuric iodide with tetraethyltin in t-butanol at 30 C, 
Solutions were made in the manner described In Section 5(b) 
and results calculated by using an equilibrium constant value 
of 20, except in the case of the run El42 (see Table 3 • i6 ) where 
the equilibrium constant value of 5 seemed to produce a better 
straight line graph of k^t against t.
Table 3.16,
Effect of added salt on the rate of the
reaction of mercuric iodide with t etra ethylt in
0in t-butanol at 30 C
Run No* a x 10~2M o b x10~2M 0 Salt conc.
- 1  -1 kp l.mol. min*
xEl40 1.25879 .125858 0 - .0017
HEl4l 1.25919 .125501 .005 - .0025
XE142 1.25538 .126071
HO• ~ .0028
The kinetic run did not produce good results*
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SECTION 12 - -REACTIONS OF MERCURIC CHLORIDE WITH
TETRAETHYLTIN IN VARIOUS t-BUTANOL/METHANOL MIXTURES
AT 25°C AND 4Q°C
Metlianol/t-butanol mixtures were prepared as described 
in Section 1. All solutions were prepared at 25°C and for 
runs at 40°C expansion factors were used to convert the 
initial concentrations of reactants to those at 40°C, as 
described in Section 1(b). For the rate constant of the 
reaction in t-butanol at 25°C, a value was calculated using 
the rate constant at 30°C and the activation energy. Results 
are tabulated in Table 3.12. Reactivity of Hgl^  ^ in 
methanol was tested in the same way as it was tested for 
t-butanol (Section 7 (a)(v)) except that the corresponding
n  / \
run contained 10 “M of Hgl^ and was done at 25 C. No 
reaction was detected.
The Arhenious law was also tested for the reaction 
in methanol and in the t-butanol-methanol solvent mixture 
X(MeOH) = .4 by carrying out reactions at 30° in these
solvents and plotting graphs of log(k0) against /T(XL)
Results are as follows:
For methanol:
a = 1.24416 x 10"2M b = 1.0032, x 10~2M k^° = .309o o 2
For X(MeOH) = .4
a = 1.24324 x 10~2M b = 1.0044 x 10~2M k^° = .0950 0  2
The graphs were found to be straight lines (see graphs 
on pages 184 and 185) .
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Table 3.12.
Rate constant of reaction of imercuric chloride with tetra-
ethyltin t~butanol/raethanol mixtures at 25°C and 40°C
25°C
Run No. Solvent
X(MeOH)
a xl0“2M 
0 b x10“2M 0
-1 -1kp 1.mo1. min.
3/-~ o3
1 1.24811 1.0008 .200
E49 • 95
1.24801 x.0023 .173
E 61 .9 1.24537 1.0037 .153
^52 .875 1.24827 1.0000 .143
E66 .8% 1.24539 1.0037 .128
E 62 .75 1.25086 1.0020 .104
E44 .7 1.24942 1.004-1 . 096
E43 . 6 1.24971
1.0016 .085
E48 .5 1.24923 1 .003O .076
E36 .4
1.2426 1.0025 . 066
35 .3
1.2424 1.0031 .058
34 .2 1.2411 1.0026 .045
E33 .1
1.2476 1.0019 .030
E127 .05 1.24298 1.0034 .018
E75
.02 5 1.2486 1.0020 .011
- 0 - - .oo69h
4o°c
From ref*.
&7l
E12X
1
.9
1.2513
1.2335
1.0035
1.0002
. 669 
.483
E96 .84 1.2442 1.0049 .446
E93 .7
1.24374 1.0051 .343
15
122
.6 1.24834 1.0011 .275
/continue
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Table 3 .12. (continued)
Solvent
X(MeOH)
a xlO”2M o b xl0“2M 0
_ 1
l.mol. inin.
E123 .5
1.24628 1.0016 .2535
B124 .4 1.24781 1.0045 .207
ID
125 .3
1.24622 1.0016 .167
V .2 1.24326 I.OO58 .128
E 126 *1 1.24463 1.0039 . O69
E_ „ 
95 .05 1.24717
1.0050 .045
Mean °(t-BuOH) - “ .0173
x See Section 8(c).
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SECTION 13 - EFFECT OF ADDED SALT ON REACTION OF MERCURIC
CHLORIDE WITH TETRAETHYLTIN IN t-BUTANOL/METHANOL MIXTURE
AT 25°C
Effect of added tetrabutylammonium perchlorate on 
the reaction was tested in methanol itself and three 
different solvent mixtures. Densities of the reaction 
mixtures were determined as described in Section 5(h) and 
was used to work out the volume of any sample withdrawn.
The increase in the rate constant as the result of salt 
addition, in each solvent, was found for various salt 
concentrations, using the method described in Section 6 (a) 
and employing the relevant computer programme. Results 
are shown in Table 3.13.
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Table 3.13.
"Salt effect" on reaction of* mercuric chloride with tetra-
ethyltin in methanol and methanol/1- butana1 mixtures at 25 C
METHANOL
Run No, a xl0~2M 0
5031OH*0
6
Salt conc. M t I 7“1 *kg 1. mo 1, mxn.
E63
1,24811 1.0008 0 0.200
E97 1,24525
1.0042 .05 .264
E
99 1,24387 1.0043
.2 .333
E100 1.24734 1.0060 .3 .372
X(ME0H) 11 • CO
E66 1.24539 1.0037 0 .128
E101 1.24804 1.0019 .05 .170
E102 1.24849 1.0015 .1 .195
^103
1,24801 1.0031 .2 .24-2
E104 1.24988 1.0022 .3 .267
X(MEOH) = .4
36
1.24260 1.0025 0 . 066
E105 1.24530 1.0037 .05 .108
E108 1.24790 1.0017 .075 .130
E106 1.24-366 1.0053 .1 .141
E10?
1.24440 1.0041 .15 .174
X(MEOH) = .2
E34 1.2411 1.0026 0 .045
Elll 1.25257 1.0040 .0125 .054
E 109 1,244-22 1.0064 .025 .068
E110 1.24621 1.0062 .05 .082
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SECTION 14 - REACTIONS OF MERCUHIC ACETATE AND MERCURIC 
IODIDE WITH TETRAETHYLTIN IN METHANOL AT 25°C AND 40°C 
AND IN MSTHANQL/t -BUTANOL MIXTURES
(a.) Reactions of mercuric acetate
The reactions were carried out in methanol and three 
different solvent mixtures in the way described in Section 5(^). 
Results are shown in Table 3 -14-
Table 3.14.
Reac.tions of mercuric acetate in methanol and methanol/
t-butanol mixtures
Run No. Solvent
X(MeOH)
a xlO~2M b xlO“2M k0 1. o o 2
-1 -i 
mol. min.
25°C
E65
1 1.25046 1.0014 37.5
ES8
E70
E
72
.84
.4
.2
.31203 .25037 
.62361 .50144 
1.24213 I.OO59
17.35
5.88 
a.75
4o°c
TO 1 .3493 .10008 60.00s
x The value is approximate.
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(b) Reactions of mercuric iodide
Solubility of* mercuric iodide was greatly reduced as 
solvent mixtures of greater t-butanol content were ^lsed and an 
ultrasonic bath was employed to assist disolution of* the reactant. 
An equilibrium constant value of 5 was generally used to work 
out the rate constant, although in some cases employment of 
equilibrium constant value of 20 produced identical results 
(see Section 6(b)).
Results are tabulated in Table 3.15*
Table 3.15.
Reactions of mercuric iodide with tetraethyltin in 
methanol and methanol/t-butane1 mixtures
Run No. Solvent a xlO 2M b xlC'~2M -1 -1 1. mo 1. min.o o 2
X(MgOH)
25°C
E4o 1 1.24-82 1.G021 .153
S64 1 1.24600 1.0040 .150
E6? .84 1.2431 1.0043 .0985
E69
.4 1.2484 .50103 .043
E?1
.2 1.2439 .24991 .0207
40°C
EI31
1 1.24391 1.004-9 .451
E 132 1 1.24287 1.0049 .464
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SECTION 15 - EFFECT OF ADDED SALT ON REACTION OF
MERCURIC IODIDE WITH TETRAETHYLTIN IN METHANOL AT 25°C
Two kinetic runs were carried out to find the effect of 
added tetrabutylammonium perchlorate on the rate of* the reaction 
of mercuric iodide with tetraethyltin in methanol at 25°C. Solutions 
were made in the manner described in Section 5(b) and results 
calculated, by using an equilibrium constant value of 5 (see 
Section 5(b)).
T£ble 3,17.
Effect of added salt on the r.a.te of. the reaction of mercuric 
iodide with tetraethyltin, at 25°C, in methanol
Run ITo c •5?
031OHK0cS b x 10 Salt Cone, o kg l.molf *Snin. ^
H v H k - 1.25 ** 1.0 0 .152
S133 1.24512 ~ 1.0035 -1 .23-5-
E139
1.2454 1.0038 .2 .278
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SECTION 16 - REACTIONS IN 96% AND 85% METHANOL/
WATER MIXTURES
(a) Reactions in 96% methanol/water mixture
(i) A kinetic run was carried out, at 30° C, 
involving the reaction of mercuric chloride with tetraethyltin 
and the rate constant determined. Values of the rate 
constants at 25°C and 40°C were available from Johnston.
The Arhenious law was then verified by plotting a graph, of 
log(k0) against *^/T(K). The graph was found to be a straight
CM
line as in the case of methanol. The two graphs are shown 
on pages 184 and 185.
(ii) A kinetic run was carried out to determine the
rate constant of the reaction of mercuric acetate with
otetraethyltin in the solvent at 25 C.
(iii) The rate constants for the reaction of mercuric
iodide with tetraethyltin, in the solvent, at 25°C and 40°C
f*23
were available from Spalding.
Results from (i), (ii), and (iii) are shown in
Table 3»17o
(b) Reactions in &5% methanol/water mixture
(i) The rate constant values for the reactions of 
mercuric chloride with tetraethyltin, in the solvent, at 25°C
I!
I
5
4
i
3
The Arheniow j>lot for the 
t'ea^ ctrioix o9 mercwric tKloride
w iM t ^tM ^etK yl Utv i^ n meth&nel
2
1
X  10
3*3
-185 -
The. flrhejtioix* y\et for the reaction, of
mercuric chloride with tetraethyl tin 
In 96% meth&no\%
•6
•2
3-53/2 3*3 3-4
05
*  fO"5
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and kO°C were available from Johnston.
^(ii) A kinetic run was carried out to determine 
the rate constant for the reaction of mercuric acetate with 
tetraethyltin, in the solvent, at 25°C.
(iii) The rate constant value for the reaction of
omercuric iodide with tetraethyltin, in the solvent, at 25 C 
was determined.
Results of (i), (ii), and (iii) are shorn in
Table 3.18.
Solutions of mercuric acetate in aqueous methanol were 
stabilized by the addition of 0,1 ml. of glacial acetic acid 
added to ^0 ml. of solution. kV-l
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Table 3,18,
Reactions in methanol, 96% metlianol 
and &5% methanol
Run No* Temp. 
°C
The mercuric 
reactant
a xX0~2M 
0 b x!0“2M 0
-1 :-i 
kg 1* mo1* min *
E63 25
Chloride 1*24811 1*0008 *200
E35
30 Chloride 1*24416 1*0032 .309
40 Chloride 1*2513 1*0035 * 669
S65 25
Acetate 1*25046 1.0014 37.5
El34 40 
E40>E64 25 
EI3I’E132
Acetate
Iodide
Iodide
.13493
-I.25
-1*25
*10008 
— 1 * 0 
-1*0
60.00
.152
.457
96% METHANOL
25 Chloride 1.2622 « O O tP
* CO .378
&
CO ip"
30
40
Chloride
Chloride
1*2461
1*2542
1*0032
1*0018
.546
1.149
E
135 25
Acetate *13687 .10085 58.30
25 Iodide3* •- - .285
4o Iodide3* - .767
85% METHANOL
25 Chloride 1*2499 1*0044 . 1*465
40 Chloride 1*2491 1*0039 4.213
it
^136
E
133
25
25
Acetate
Iodide
* 12206 
*12863
*098912
.10039
191.70
.887
3£ Reactions carried out in 95.0% methanol,,
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SECTION 17 - CALCULATION OF ACTIVATION PARAMETERS
From the values of the rate constants of the reaction 
between tetraethyltin and mercuric chloride in various methanol/ 
t-butanol mixtures at 25°C and 40°C, the activation parameters 
for the reaction have been calculated*
The following nomenclature will be used throughout 
for activation parameters and their calculation*
T is the temperature in degrees absolute (Kelvin), 
taken as (°C + 273.15)°K*
/
AH is the activation enthalpy* 
i
AS is the activatxon entropy.
/
AG is the activation free energy.
R is the universal gas constant, taken as 1.9872
-1 -1 cals.deg* mol.
E^ is the activation energy.
H is the Boltzmann’s constant, taken as
1.38053 x 10“16 erg. deg.
-27h is the Planck's constant, taken as 6.624 x 10
erg. sec*
log 10, taken as 2 *3026* e
(i) The activation energy was calculated from
T
R.T .To.2.3026 k0 2
e . = -------- ± — - ---------- - ------  i o g r~ ~ ~ ]A (rn rn \ 610L T, J
2 “ A l ; lc 1
2
T T1 2Nhere kg and kg were rate constants at
Temperatures T^ and Tg respectively.
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y
(ii) (AH ) was calculated from
AH^ = EA - RT
Using T = 25^0, i. e, 298*X5°K
y
(iii) (AS ) was calculated from
A - A H ^
R RT
. T ICT
2 = F" * °* 6
y TCT
i.e. AS = 2 .3026Rlog10kg + - 2.3026Rlog1 0 C~]
Using T = 298015°K
1
(iv) (AG ) was calculated from 
-AG^
T KT RT
2 = I T ' 6
i.e. AG^ = 2.3026RTlog10 ^  _ 2.3026RTlog1()k2
Using T = 298.15°K
The results from (i), (ii), (iii), and (iv)
are shown in Table 3.19.
190
Table 3.19*
The activation parameters for the reaction of 
tetraethyltin with mercuric chloride In t-butanol/ 
methanol mixtures (a)
Solvent
X(MeOK) Ea -i K. cal.mol.
AH 298 ± 
K.cal.mol.
AG298 
K.cal.mol
AS298 
. Cal.deg. m 0 H
 
• 
1 H
TAS^
K.cal.mol.'
1 14,933 14.341 20.833 -21.78 -6.494
CO• 15.440 14.848 21.097 -20.96 -6.249
.7 15.750 15-158 21.268 -20.50 -6.112
.5 14,900 14.308 21.407 -23.81 -7.099
.4 14,140 13.548 21.490 -26.64 -7.943
.3 13.080 12.488 21.567 -30.45 -9.079
.2 12.930 12.338 21.717 -31.46 -9.380
.05 11.330 10.738 22.260 -38.65 -11.523
(b) 0 IO.909 10.317 22.828 -42.16 -12.570
(t~ butanol)
(c) 1 13.614 13.022 20.996 -26.75 -7.975
(a) Rate constants at 25° and 40°C taken from Table 3.1 2.,
esccept for X(MeOH) = 0,
(b) The values of E;a and AH298 are taken from Section 8 (c) ?
the value of AG2^q ^as heen calculat ed from kg'* = O.OO69
l.mol. ruin. .
(c) Activation parameters for reaction of mercuric iodide with 
tetraethyltin;the rate constants at 25°C and 4Q°C have been 
taken from Table 3.18,
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